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The l4FE-Q test ma t he  fimt integral reactor in the  NRX-A series b. 

uhich nuclear pavar generation axl radiation emimment  uen rajor factors. 

All of the  KRX4 reactors are based on KIHI-B-4 design and are part of the  

gro\md testing and d-t of the nuclear reactor *LO be used i n  the 

I W W A  angina. 

entering t h e  noaale chgbsr at a mixed muan tmqeraturcs of 4OP”i and 560 

psia at t h e  desQp f low of 71.3 lb/sec. 

A t  desQp p~ybr, ll20 M are generate, 6 t h  the hydragen 

On the basis of a Critical revfsw and aual7sis of the ==A2 test 

data and observations, it is concluded that the test was successful in 

meeting its objectives as w e l l  as confSmkg the nuclear, the-1, &Tm, 

and mechanical design analysis methods. The reactor operated at sufficient 

power levels and duration to demonstrate mechanicel and thermsl performance. 

me series consisted of 8evera.l Plans (D’s), 

each one consisting of a test or p u p  of tests closely related t o  each 

other. The tests conducted fnrm A t g u s t  12 t o  Octobei- 15, 1964, on NRX-A2 

-re grouped as follows: 

PrS-Pawer Tests - - -.- - 
EP-IA - Initfal Cri t ica l i ty  
EP-IE - Flow Tests 
EP-I1 - Neutmnics Calibration 
EP-I11 - Sca led  Down Power Te8t 

(August 12 ) 
(Ssptember 4) 
(September 16) 
(September 18) 

1-1 
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The design adequacy of the -tor a s d l y  for the test conditions - ascartained during the follawing aaalpseu and inspectiom: 

1. P r e l i d F !  analysis of data and v i d  observation of the reactor 

&-A fslu during and bstrreen te8ting. 

2. 

3. 

li.,.tSiled post-test data analysis arxi interprstation. 

Sptsoatic, th- pst-aprrative examination of all reactor 

aS8albly ccmporlents uld aubassablies. 

The idomation obtrirrcJ h-cup the NRX-Al teat and the modifications 

res-iltira frop tkat te8t all contributed to the 3ucce8s of NRXJW. 

i tam included: 

1. 

These 

Increased clsarrnce between the control drum and outer reflector 

sector. 

Iksign changse in the nomle end 

sector . 
Increased c l w r m c e  Mween the pm88ure -81 8nd noside 

2. of thu outer reflector 

3. 

end 8U-e -0  

1-2 



4. Flow prof i le  modification for the power test because of identificatior,  

of flow lag. 

Dnmg t h e  hj41 power test, an average of 813 Hw uas produced during 

a 7 minllte period. 

0 d s : e d :  

At t h e  second maximum power hold, the  following conditions 

Total D-ermal PclYer 

C o o l a t  Flow 75.6 21.5 lb/sec 

1096 - +52 YY; 

Noze .* Chiamber Temperature 3815 9 5 0 ~  

&xinun Heasurec! fie1 Teqx~ratwe U+OO 2182OR 

The most accurate estimate of the  power level is believed t o  be tha t  

based on a calculated nozzle chamber temperature &ad reactor e r t h a l p  balance 

K S L ~  observ8d nozsle constants, nozzle chamber pressure, and flow rate i n  

t h e  caiculations. 

it is reasonably certain tha t  the  nozsle chamber thermocouples were not 

ffieas-:rirg the  mixed mean chamber tempa-:ature. 

P A S  ;nethod is preferred t o  the direct  meBsuremcnt shce 

A post-tez& calculation of tho I=& ctor operating conditions using 

actual pomr and flow profiles m s  perfommi with the  TNT code and the  

reactor model  sed for Fre-test predictions. Carpparison of t E a  calc-d.ation 

t o  the test data demonstrates the general adequacy of the TNT transient 

s tar tup representation and poSnted the -3 t o  necc8sar  modifications t o  

the model in sewral ragi2ns t o  allow it t o  pradict more closel:: operating 

parametem at st-v s ta te .  

1-3 



At- 

3 e  dl:ratim of the r-a and power level preseEted ar o p r t u n i t y  t o  

Jyserve t k e  fkel element behavior mder r ea l i s t i c  conditions approaching an 

erdxsllce test, pemitt ir-g extrapolation t o  NRX-iI3 conditions. The general 

k e l  Sehavior and weight losses observed were as expected, bas& on out of 

reactor cxros im t e s t s  and KI!t” experience. 

a-.d e1eiier.t d e s i 3  therefore were demofistrated as adequate for tine conditions 

of t h e  hlix-A2 test .  

The fuel  manufasturing process 

%e most serious corrosion problem occurred along t h e  f u e l  element 

f l a t s  a+, t h e  core periphe? tawards the  hot end of t3e core. 

was the FesLt of t:.droger, leaking in through f i l l e r  strips and pyrc+tiles, 

This corrosion 

ar-a cartacting fxei at. elevated temperature producine a characterist ic 

striated pattern. on the flats. In  the few points &ere NbC coating 

was preser.t on the  periphery, corrosion was largely inhibited.  It was 

decided, xherefore, to coat the  periphery of t i e  NRX-A3 core with NbC. 

In Ldditior., t h e  periphery fuel Will be kept cooler by increased f l a w  of 

coo1w.t ~sir.,q appropriate orificing. 

Also related to t h e  pawer level were anuaalies observed for  station 

32 corn material thermocouples, f i c h  were used for control. 

thermoconples gex-eralqr vere indicating temperatures below that of the  

actca: file? (as C O ~ f i i ~ ~  by thermal capsule data) because of fa i lure  

These 

of t h e  potting compound used. 

post-operatiocal examination, pelmi.tted flu# of cool gas around t h e  

tkem.oco:ple and explains the law tgnpsmture indication. 

This failure, which w confirmed i n  the 

1-4 



Ir! h'R.X-A3, it is planned t o  iise s ta t ion  26 thermocouples for  power 

ccikrol. 

redesigned ins ta l la t ion  not requiring potting compoiand and u t i -  '.Zir,g 

nult,ple graphite blocks i n  the  chamel for flow blockage. 

chamber temperatures mentionea earlier, one thermocouple will be inserted 

deeper into the  flow straam t o  see 2 the  probability of obtair5ng a 

mixed mear!  temperature can be improved. 

In addition t o  running cooler, these themocouples will use a 

For t h e  nozzle 

I n  t h e  area of mechaxdcal design evaluation, the following resu l t s  

and corclusions were obtained: 

1, 

2. 

3. 

Stmctura l  perfommce of h i - A 2  reactor was excelleat. 

Keasured t i e  rod loads agreed reasonably w e l l  with p=.&ctions. 

Absence of high vibration levels  02 t h e  reactor or  i ts  coop- 

parents was noted. 

Specification of larger  clearance fo r  plunger pir.s i n  t h e  inner 

ref lector  cyLT3er t o  elimir,ate sticking ma necessary. 

?design of t i e  rod xmlant gas themozouple probes t o  prevent 

buckling mi necessan. 

4. 

5 .  

The posdble  bur'ciing of the  tie rod coolant gas thennocoJples and contact 

w i t h  a hot rrolid rurface appears t o  explair, the high readings obtained on 

the8e aensors. 

Turning from the high power test t o  t h e  lciw power-low flow mapping 

teata,  a r.umbar of buportant characteriatics of the rsac%ar were demon8trated. 

The mapping t e s t a  were m e t  con8tant power and at fzmd 3r-m paaitlon. 
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I n  tk.e constant wwer rms (3.45 of design.), s t ab i l i t y  was demonstrated 

f o r  the flow range of 8.3 t o  13.5 lb/sec on Dedar pressire. 

rum, a naxrmurr positive react ivi ty  feedback conditioc of $'.43 was produced. 

A t  this reactiv5i;y feedback condition, two phases of coolant were preserit 

at the  core in l e t ,  without instabilit:;. 

t h e  core - n l e t  t a p a r a t x r e  l imitation of W0R car, be m o d i f i e d  and replaced 

bv a more general react ivi ty  criterior.. 

of pe;d.ssi&ie reactor operation and simplifies the  control requirenents. 

During these 

On t h e  basis SI these results,  

This change increases t h e  area 

During the  fixed c m t r o i  drum position runs, stable operation was 

dmonstrated i n  t h e  flow range of 5.2 t o  13.5 lb/sec. 

power range I I G ~  2 t o  4.7% of design power. 

t ion  runs deronitr; .ed operation with l i t t l e  o r  no react ivi ty  feedback 

coxpecsation. 

f:tT:re planning of NRX, hRY/EST, and 1 R V A  engine testing. 

Tine corresponding 

These fixed control d&um posi- 

The successful attainment of the effective and timely 

The 12?,<-.\2 power test has thus provided a sound basis a x  increased 

confidence fcr proceeding t o  t h e  more stringent endurance and transient 

tes t ing  i n  NilX-A3. 
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2.1 @CK(;ROUMI 

The W - A  pxgram is  concaived as a ser ies  of evolving nuclear 

rocket zeactor designs, with the evolution of the d s a l p  based on 

t ixdyt ical  results,  component tsst resul ts ,  and integral reactor tes t  

results. Tested 'n  the  NRX-A program are  iiitegral reactors equivalmt 

t o  those t o  be used evertualiy i n  the  NERVA engine, 

The NRX-A1 reactor contained an unfueled core mechanically equivalent 

t o  the nuclear power reactors t o  be tested. 

NRX-A1 ser ies  were accornplishea. 

s t ab i l i t y  of the  core and the adequacy of the  components under cold f low 

t e s t  conditions.+ The infomation obtained from the NX-A1 tests 

provided a sound basis f o r  proceeding t o  NRX-A2, the I'irst of the nuclear 

power t e s t s  i n  t h i s  series. 

The major ob jec t iEs  of the 

-se tests confirmed the  dynamic 

The NRX-A2 was t h e  logical next s tep  ir~ the NRX-A series. I n  

NRX-A2 power generation and radiation envirc-rment were the major 

factors introduced t o  the t e s t  irogram. 

t o  the KiX-Al. t e s t .  

beneath the outer ref1ec:or from the nozzle tubes, continuing up the 

outer  ref lector  housing the control d r w ,  then through the simulated 

The flow path was ident ical  

This path consisted of coolant entering the plenum 

* W - A l  Teat ,  Final Remrt, WANGTNR-176, Septembsr, 1964, CRD. 



shield, turning, jassiw trio@. the  fueled core, and ?tlscnarging 

out the nozzle. P a r d l e l  flew paths cool the pre.3w-e vessel, d o ~ e ,  

graphite reflector cylinder, l a t e r a l  s'clpprt parts, and t he  al.m;inUrr 

barrel ~ c r o - ~ x i i n g  the gra-te re f ie t tz r .  

of the KRX-b? reac',or as w e l l  as t.ke test f t c i l i t i e s  are given in a 

test specification and t e s t  plan.* 

A EX= detailed aescripticr. 

The desigz puer d W-A2 is l l 2 C  Mi with a e e d  man reactor 

ccofan'c exit teqerature cf 4090"B. 

is 71.3 lbisec -xith a design nozzle c n d e r  pressure of 5bG pia .  

design ccnditions result i n  a racuuE specific i.ri?;ilse of 760 sec. 

?'he des- flow r a t e  of m g e n  

-The 

I n  addition t o  &ng similar evaluations as h GPX-M of the 

uechanicai 

initid cqnrtunity i n  tf?e 9 X - A  pmgrac of evaluakLq the integrity of 

the nuclear ,fuel elercents and the mclezr  design of the ccre. 

'*iiity ard adequacy of ccqmnents, ME-&? p v i d e d  t3e 

2.2 T S T  C3JZ:TrS 

2.2.1 kior CWectives and C-oais 

The major objectives of the €W-& power test e r e :  

1 To p v i d e  significznt infcrzation for veri*- 

t h e  steady-state design aiiafgsis fcr power cperation. 

* MU(-A2 Terc Sxcif icat ion,  ;riAhL-TNR-153, Pa, 1964, CRD. 

- KitY,-A2 Test P1a-1, ;'AVL-TNii-U+6, February, i964, CRD. 



2. To prorice s w i c a n t  info.aatiicn which uill a i d  

in asess- the s -a i tabi i i ty  of the r e d C t O r  to operate 

at the steadpstate pouer level and taperatures 

required €Qr the reactsr ts be a ccEpomt 05 an e x p r f s e n t a l  

engine spte!E. 

'Ihe Mcxmaticn requ5wd to achieve the ,=bo= objectives 

yere obtain& by measuresm?ct~ sade during the test a& post--peratire 

-t%CnS. F O S t Q p m t i V e  -tlon of the reactcr i s  a essential 

featare of the test and y5eLd.s infomation uhich cannct 'be abtaincd in q 

atk=. -xay. Since rrncolitrolled &urage t o  the reaczor obscure t2-q 

interpretation of tne  post-cperative data, the test conditions ioooseii on 

tfie !@!-A2 reactor rrwe set axxi controU%i ta develop the requim2 

idomation w i t h  a -+sic to the integrity of the reactor. 

n lo achieve the e c r  cbiectives of the MiX-A2 power t e s t ,  

_ - _  -_ .. 
tm mior power cperating goals ;;ere 25::=-15ke5. .r.e :;r;t 27: 

princiFai goal of the NRX-A2 test was to oper2te the reactor at 

steaQ-state pwer 2nd toqperature levels we-selected on the basis 

that ttese #ill provide significant data for verifying the design 

analysis, while at  the saine time providing a bLgh probability of 

reactor s-vai. 

+,he reactor st as high a steady-state pxer a 3  ceo;perature level  that 

pre-Lest analy3es and test data indicate w i l l  cot  conprmise t h e  

l'ke s2condary goal of the liFi2X-P.2 t e s t  was to opera%@ 



s t n c t u r a l  intzgrit; of Liz reactor. 

evaluation of the test- .data accldated M n g  t h e  initial pouer 

operation. 

test mere coosistent uitk the latest infomation available from prior 

Xl-scale tests ami the concurrent ccspnent  test and. analytical  

pro4lapj- 

The second goal depended on the 

‘he test conditions ;rltiPately selected for the  HBx-A2 

For the l O w p O * i ,  low-flov t e s t  the major o b j e c t i n s  mere 

t o  deaonstrate stable opemticn in the  region of interest at  transient 

startup and cooldom with l iquid hydrqen. 

2.2.2 Swc i f i c  Wectives 

B e  o b j e c t i w  for fhe power test uere categorieed by two 

levels to  c m  t h e i r  relative h p r ! a n c e .  

pr ior i ty  for adxievenmzt during =-A2, while the second level indicatss 

tha t  the accomplishment of this objective is less urgent. 

are ? is ted  i n  Table 2.2-1. 

Level one meant top 

These objectives 
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TABLE 2.2-1 

1. To evaluate the effects  of the envirorrmental conditions on the 

s t rvc tura l  in tegr i ty  of the t e s t  ass&* and its ccmpnents. 

2. To evaluate the perfarPance of the core asserably. 

3. To evaluate the perfomance of t h e  l a t e r a l  suppo-t and seal systeaa. 

L. To emluate the perf0man-e of t he  core a x i a l  support systep. 

5. To evaluate the performance of the  outer ref lector  assembu. 

6. To evaluate the per,'oraance of the control drum and actuation 

8y23tem. 

To evaluate the o v e r a l l  react ivi ty  characterist ics.  7. 

LiWEL II - IHRRTANCE CA-Y 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

To evaliiate the  perfol.IPacce of the nozzle assembly. 

To evaluate the perfarmazce of the pressure vessel assembly. 

To evaluate the performance of the shield assembiy 5esign. 

To e-ralua=e the performance of the t e s t  assembly instrumentation. 

To evaluate the performance of the nucleonic power control system. 

To evaluaL the performance of the propellarlt feed ani control systexrs. 

To evaluate the performance of the nozzle cli-?_lzober temperature control loop. 

To evaluate the performance of the t e s t  car  systenis. 



ThBLE 2.2-1 (Coat’d) 

Fcr the low-pwr, lorf low teat the following s p i f i c  

cbjectima were set for the test: 

2 Ikmnstraticn of stabiiity at low liquid H, flow us- dewar 

pressure. 

Dewrutration of suitability at cclrstant p o r n  with f l o w  

vsrietion. 

j. Ikmonstration of seabllity at fixed c&rol dRllp porition w,% 

flow reriatic.?, and resulting pomr change. 

2. 
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3.1 CWEEALL SEQiJEE EOFTFST IIR: 

In oFder to acccapliah the -or objectives of the =-A2 tsst 

ssriets, a series of s i r  separate t es ta  were flamed. n e  f i r s t  four 

were deaigmd t o  vew basic reactor operational characterist ics in 

preparation for the power test. 'Ihe pker test was the  fifth in  the 

8eries and \cas followed by a d x t h  test which explored the behavior o? 

the reactor system iz: the lowpower, l o r f l o w  region of its operat- 

range. 

t e s t  report.* 

A IDOW detailed description of t he  tests is giren in  a sit 

3.2 s-Y OF PRE-P~MER TESTS 

3.2.1 &p@mntal Plan I-A - Initial Cr i t i ca l i t y  

This Experimental Plan uas completed on A q i p s t  12, 1964. 

During central  p i s o n  wire removal operations, data was gbtained to 

permit determination of the control drum span and the shape of the 

control drum bank d i f fe ren t ia l  w r t h  curve. 

was achieved with 336 wires remaining i n  the core. 

p e r  calibration and pre- evaiuation of the power controi 

I n i t i a l  c r i t i c a l i t y  

A preliminary 

system uere obtx-ned. I n  addition, controi drum #2 wes calibrated. 

The reactor was aperated a t  ambient temperature a d  at a xnaximun 

inciics-ked log power level of 500 watts. 

* NRX-A2 S i t e  Test Remrt, NT&R-oao8, November 20, 1965, CRD. 
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3.2.2 Plan I - -  B n o  Y r a t s  

This fxplwiDentil Plan, carpleted on septedxu I ,  1%&, 

included the initial mtautic reactor s t u t u p e .  

rvdrogen flov test md tu, IH2 atanup rlow testa wetre carpleted t o  

v e r a  the oprabfflty of the Teat &sa;bu ud Test A t m e  Instru- 

mmtation, te obtain m e n  react ivi ty  mrth data, .nd ta e the 
chilldoun characterist ics of the mseably. 

the OlrJlned profiles d;d not indicate any evidence of rbnarrJitie8. 

During this test, the reactor uaa operated at a mxhm ixiicated pouer 

level of 1 RW d t h  an indica*A integrated power generation of 0.7 W s e :  

An ubisat gumom 

Operation in accordance vlth 

The ambicut (;H2 flow profile, Figure 3.2-1, ma a programed 

ramp t o  a inaxbum flow of 12 lb/sec, similar to those ccajLeted du-ing 

NRX-A1 tes t ing.  

flou profiles.  

scaling error introduced t o  the  programners. 

Good agreement is shown between t h e  planned a d  actual 

The s l igh t  difference shorn was the  resu l t  of a nimr 

The IH2 n u s  are compamd t o  the planned on pigure 3.2-2. 

The higher than planned ramp rate ami the i n i t i a l  delay appear t o  be t he  

resul t  of a one t o  two second lag between the ACT'-3 program denand and 

the star, of valve motion. A rerun of the IH, run is also shown on 

Figure 3.2-2. This rerun was done mainly 

drum motion in the first U2 run was less 

react ivi ty  variation was observed i n  both 

~ T A  3-2 

L 

because the observed control 

than predicted. This 

'H2 profiles and is at t r ibuted 
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t o  the flow lag betmen actual reactor flow and indicated flow thmcgh 

-7. 

for the power teat. 

drroe torques obar-mxl during the  LH, .. r u ~  were nomal, and therefore Lhe 

xxki icatior!! initiated LW a Fesult of the =-M test  were 8uc::esshiL. 

This flow lag condition uaa comfdend in planning the  profile 

It i r  also signi.flcant \.c ncte that the control 

3.2.3 _Exper5nmatd plpn I1 - Neutronic8 Cabration 

Experimental P l a n  II, mmpleted on Septe5ber 15, 1964, 

incorporated additional automatic reactor startups and neutronics 

instrumentation calibration. 

U-AI wires for appxwdmately 130 Kw-min. 

at  tenperatures up to 1 0 0 0 ° R  t o  obtain data relevant t o  material 

ttnprature coefficients of reactivity and t o  verw the  proper 

operation of the power c m t r o l  system temperature t r k  loop. 

Calibration data y ~ b  obtained by irradiating 

The reactor was then operated 

In t epa ted  

power during this run w a s  measured a8 700 HW-sec w i t k  a maxirun 

indicated power level of 1 MU. 

3.2.4 Experimental Plan 111 - Scaled-Down Power Test 

The final tes t  i n  preparation for  the Power Test was 

complcted on September 18, 1964, and was an integrated dry run operation 

t o  insure that  the  required systems, programs, procedures and -persomei 

were thoroughly checked out for t he  pc-rer t e s t ,  

using the power t e s t  prcfile reduced by a factor of approximatea 1OOO. 

Feed system operation was 8-ated using t h e  poker t es t  programs. The 

only coolant ava ihb le  for  m e  during this test was helium. 

was indicated as 4W MW-sec, 

The reactor was operated 

Power generated 



cohwmwm -- 
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The f i f t h  *.est a- t h e  I X G A 2  series was completed on September a,, 

1564, after being postponed from the previous d q  due t o  adverse neteoroLo5- 

i c a l  cond2tions. 

a. 

The major objectives of the power test were: 

To obtain experimental verifications of t h e  steady-state design 

aaiysis  f o r  power operation. 

To obtair  exTerhenttal data f o r  assessing tne su i tab i l i ty  of the 

reactor t'3 operate at the  steady-state Dower leve l  and temperature 

required of  a coBponent of an experiment-.. zngine system. 

To confirm tha t  the reactor can start, operate at steady-state, 

.md diu', dom using l iquid hydrogen. 

b. 

C. 

In  preparation f a r  the power t e s t  prof i le  for EP-IVA an automatic 

reactor startxp t o  2 1.X %as performed. 

control drms were programmed out t o  angle €,, (coid c r i t i c a l  drm. posit ion) 

on a? 

drum l inear  raq ra t e  of 0.11 aeg/sec was ini t ia ted.  

set at C.3 second during this s tar tup and no anoxzalies were noted. 

cqogenic system chilldown was then corapleted and in i t ia l  conditions 

established for  the poder pr0fil.e. 

controlling on s ta t ion 32 in-core thermocouples throughoxt the  run, 

In coEpleting this s tar tup the 

xponential r q  with a time constant of 2 seconds a t  which time a 

The period scram was 

The 

?'he temperature trim control -oop was 



stronuclea 

The as-run pwer profi le  consisted of a reactor lu-e-chill 

corresponding t o  a W"R drop in CG-% inlet tt-mperature a t  a flow rate of 

2 lb/sec LH2. 

in i t ia ted.  

a 50'R/sec change in exit gas tenperature t o  a nominal me IGinute 50% 

power h d d .  

autouatically decctivated at  100 Mlt:. 

Test Operator applied a power cc r rec t im  t o  the power controller using 

the Fwer correction f a r to r  t.hrottle. 

t h ro t t l e  setting from 1.15 t u  C.6*. 

a lso  completed a t  t h i s  hold. 

bo seconc'? when tbe  programers were switched t o  RUN, 

Upcn reaching t h ? s  temperature the programmed nm was 

This run consisted of 3 muer and flow rise corresponding t o  

The f loat ing power and period inputs t o  the scram chain were 

During t he  50% power hold the Chi.ef 

Tllis correction changedthe 

Transfer i b c t i o n  measurements  re 

W s  hold w& terminated at  the end cf 

During the planned 76P power hold additional t ransfer  fimcticn 

T. is  hold was terminated a5 the  end of 132 measurenents were made. 

seconds based on the  reduction cf tank farm pressure t o  i7Kl p i g .  This 

tank f a r n  precsure c r i t e r l a  had been pre-detemhed t c  pernit obtainirg 

the  necessary hol.3 duration a t  the  planned 83% pcwer. The rc:-r-tor 

WAS maintained at the  83% power hold f o r  approximately l3g seconds. 

During t h i s  held the Chief Yes: Operator applied a positive correction 

of approximately 10% h<tn the power correction factor  t h r o t t l e  t o  

maintain the  desired er;it gas temperature. The shutdowr? was i n i t i a t ed  

* This large change is  discussed i n  d e t a i l  on pp. 7.46 and 7-47 of the 
S i t e  Report (hTO-R-OOOS). 
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by a retreat upon reachire a talk --:-E Lressure of 1100 pig. 

f l c ~  ShJ+dohz, upon coiz!and fro0 the Test Directcr. teminated t he  

retreat when PCV-33 opened wide. The RV-41 preswre control loop 

operatea sat i3factor i fy  and n o d  cooldoun ope;.ations were ccmfleted. 

w w u a l  

A s  can be seen i n  Figure 4.1-1, Section 4.1, t h e  actual powers reached 

wm? 51% fo r  the planr,ed 50% hold, 84% for the  planned 76% hold, and 

43-98% for t h e  planned 83% hold. 

vs. a c t d  flov rates. 

were s e x h a t  higher than plann~xi because <;f compressibility effects 

and the p-eci:i.-n of tihe Venturi ilometers. 

Figure 3.3-1 presents the flamed 

The a c 3 d  flows zt the  higher power holds 

- z i y  in the  power profile, at about the 50% power hold, a n-r 

These were lccated h of s z d i  f i _ I Y 3 ~  were mted on the t e a t  ass&*. 

t h e  v icmi tp  oi tt.: Casinetrg belly-kriii and the -,%e end closure. 

The fires were of a short duration d based upon post.-- observa%ions, 

app& t o  be the result of p a r t i a l  melting of t h e  belly-bana ami 

dosketers  a d  burning of pressce tr-wducer insulation ,?&xi e-mg 

pottmg conpind.  

s ig i f icant  hydrogen le.’kage. Sur- the 335 (noninal) power hold 

t h e  dcdar deluge systerc u s xdtamaticdlly activated due to t h e d  

radiation haatirjg ir. the dewar area. 

retreat, there was a loss L; dewar imssure k i i c z t i o n  an dewars A and 

B loss 2 pressure feedback t o  XV-33 (dewar pressurization valve) 

The inspectior! b d  not show a q ~  inilicetion of 

Sollouimg the  in i t i a t ion  3f 
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cam- the valve to o-pen -ride. 

v o x  over-pssurizhg of the Oeuars. 

that tbe dewar pressure transducers were bumai. 

not considered t o  be cf d u e  importance. 

The dewar safety valves opened t o  pre- 

A post-test inspection showed 

'Ihese artOPldlies uere 

Frat the sfaadpoi+- of obserrations during the tests ard early 

-is of 3ata all the objectives af the Power Test yere =et. ?be 

wciear, t h e d ,  f l o w  and n~~hanical design analysis, af; predicted 

test v t e r s  uhich were generw o b s d  during the tt .t. 

As was pointel out in the pier profiles, the -pws 0b:;ned mas 

hrgher thaii plamed. 

ins tn ; renk  tion -em. 

sta:::r. j2 in-core themmcouples uhich yere reading lou ami d- 

incmased p e r .  

This pointed out- ce-rtah shortc- in the 

These shortcomings o c c d  mainly 1~. the 



b. To verify the p d i c t e d  pwer res-mnse of the reactor 

to changes in l iquid lgdmgen f l o w  rate ael deriizty *e 

naintainiq a fixed drur posdtioa. 

Prior t o  t h i s  exp- L pian a &r of data channels uere 

rescalai and lou 

on the tu rbo-p tq  M e t  a d  disckrge Venturis. 

f l o w  rate, the preziaion of the dsrices  with the neu amge uas 

appmxisately 3g. 

Wfusntial p s u r e  tr&cers uere inuta2ed 

kt 10 B/sec U2 

DuFing t h i s  expelipmtai FLM on C c t o b e r  15, 19&, ZLi flow rate 
2 

uas controlled. lq 

pl-essure. 

(EN-1) was ;eft in place, thereby preventing pouering of the t ~ ~ h - p p .  

In order to prevent tz ic  ancontrolled addition of Ill2 to the reac”ar 3.y 

zi failure of FCV-41 causing the r a p i d  additicn of “the s;xei UJ- 

imtktom, Pc+iJ yas sdtched  t o  SAFE. 

J-CV-3 s t e ~  position 16th canstant deucr 

Since the t u r b o - p p  uas not wed, the turbine header blar3r 

L 

Durlx the scrz check m e  the reactor was broqht critical in 

POGITIQI ccntrol.  The critical -- _Dosifton las fcuxi to r x  %.OD 

at a poner l e v e i  3f 50 uatts with a =inimum hexurn flow thmugh the 

rezctor. 

-1 
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After establishing initial corrditions for the nan, (i .e. ,  capletion 

of a e  rre-operztional, druE unlock5ng, s c m  check, and s y s t a  chilluom 

phases) an atapatic startup mas initiated t o  I %io 

the systesi faif& to lock into povv contml& the c a r o l .  dnrars llcn 

w- in, m d 5  expected. 'Lhe Chief T e s t  opartor switched 

into POGITIM hxt.m?- Y soon as the imsrd motion of the ctna;s uas 

&erred. =he Chief Test ' p ~ t c r  ti?= refected t k  &~U-SWJF 

aui suit&& -'to p e r  sont-rcl. an5 estabxshed the 2niti.d 1 liB 

cond5ti3z. 

During this startup 

At t h i s  ,pint a 2 Ib/sec Ur2 flow rate uas initiated to prp-chill 

the c o ~ e  inlet tempmture! to 3CQoR. 

opra'don, the zeactor a s  suitched into FW!iIi Contsol. +a establish 

the first point on the flow-power mp, 33 W aad 7 lb/sec % fl~u. 
porrtr incre~sed t 2  33 WJ on a 3 second rpritxi, bc.t the F ~ I N ~  flow 

rate incrcasc, as seen by the reactor, iagged the powr inc-e and 

tk tie-rad e t  gas tes t  =-ameter liacit of 12Oo"R a p p a r a i  t o  be 

reached. 

A t  t ! ~  ccp;ofe?ion of the pre-chill 

A t  this pint, a f l a w  shutdoun and scram was initia'cc. 

rollouing an evaluatica of the q i c k - l o o k  &&a, the run uas 

resumed. 

was med. 

second period, u i th  a siuaxltanec ~ - 9  LHz flow rate increase t o  7.3 lb/sec. 

k modified agjzoach t o  the f irs t  point on the flow-per map 

In this case power uas first increased to  19 14dc on a 10 

c(INclncmmL 
3-12 
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Steizpstate ~ t a  was ob- a: t+is p~int (w 3 . i - ~  I .  It WKI 

r _ _  .. _ _ _  .scessar-- -- _ _  - CTESZ :-e - _- _ _  -. :.a:: : o . s , ~  IZ/SFC (--- 

,rdt-- _ _  -~:zk :he tie -7x; eet ~ a s  ~e~~rc:---e  ~e,:.. - ~ ~ - i i .  &*ter 

ob+- szeaQ-sta~.e 

3x1 ease5 tc l: .3 2;sec. 

steau-s+ate tiad& w ob-& at flow rates of 13.3, 7.7, 8.3, and 15.3 15/sec. 

%e 1c.3 &/sec pint (poirrt 6 of 

z?Fro=;ssteZ.y nidvay txtueen the 

st ti-- pint., the Z2 Elou rate nas 

-&th tke reactor in X l E R  Cod-roi at tW5 W, 

j.i+-l) =-ea since it nas 

and mximmz flov rate pints. 

At the 45.1 Wi a !  IC.3 ;b/sec point the reactor was &Ached into 

POEITIO!? Control (thereby holding a constant drps position) and f l o v  

ir;crcascd tc 13.3 Ib/sec and then Muted to 5 .1  lb/sec, s t e - s t a t e  

izta *be-- ob-& at each pint. 

this d e  cf bpwation was frap bo t o  L: lid. 

ape shown on FiquFe 3.4-2, the NBX-A.2 h w  hwer Hap 

tennixmtea fxai the final point by initiating a flow shatdcmn a d  scraa. 

X reactor restart w a s  cauphted t o  determine post-test critical bank 

position, 97.6=. 

The power suiag zssociated with 

The Fameters corel.ed 

me run was 

Ooer the full range of operations campleted, in both P0yE;IL and 

iCGTTION Con',rol, the reactor was carapletely stable. 

operations the core inlzt plentmotemperatures reached the low pint of 

their range (40°R) w h i c h  was indicative of LH entering the :ore. The 

denonstrs.tion of stability under this condition is considered a major 

prograxri mileston?. 

Exring these 

2 

C I L  
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NOTE: SOLID L I N E S  4 R E  PRE-TEST TiVT CALCULATIONS 
DASHED LINES 4 R E  TEST RESULTS 

SEQUENCE OF OPERATIONS 1,2,3,4.5,&20 

0 1 I I J I I I 

2 4 6 8 10 12 14 16 
FL OW - LBS'SEC 
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l'hb section Pm8&8 the tat results, data analyses, and 

c o r n l a t i o n  of the analyrts with design and pe- and post-test 

obervationrr. mid considerations arc ap-ed t3 the data 

and cbssrvations, leading t o  the developnext of the conclusions. 

The presentation in Section 4 is divided into the follodng 

prtioru : 

4 . i  "hemal am! Fluid Flow firfoxnaance 

4.2 &el and Other Haterial Behavior 

4.5 hAanical E d u a t i o r .  

4.4 Bfuclear Aalyais 

4.5 Snstnnnemtion, Control and Data Processing Performance 



4.1 - p ~  AM) FLUID FW .=CRXANCE 

L . l . 1  Genersl 

In this section mphasis is pleced on EF-IV and Ep-V, 

the power test and low power napping test. 

=-A2 tests 2s they appiy t o  the results of t.hese +or tests. 

11 and III, the pre-pouer tests are discussed in detail elseuhere.* 

Reference is aade t o  e ther  

=-I, 

A. Performance S u w a r p  

2. SP-IV 

Tht r eac tw  operated successfully d=rriag all &ass 

h c l u d h g  t h e  startup, shutdown, tirid at sLeady-stat.e operation during 

EP-TV. 

during star tup and -3:OoR/sec during shutdown. 

during t h e  test series are l i s t ed  in Table L.1-3. 

t h e r D I 0 C G q d e S  did not indicate average chamber mnperature, therefore 

power was calculated from an energy balance using calculated nozzle 

chamber teaqeratwes. A t  the  4C second mruC;nnnn reac5or power hold, 

the flow m s  75.6 : 1.5* lb/sec LY2 flow, the calculated -dues were 

3815 : 2l5"R fcr nozzle chamber taperat-=e and 1096 2 50 W f o r  t o t a l  

thermal power. 

Naxiuam nozzle chamber temperature rate of change was +U5"R/sec 

Operating cctxiitions 

Nozzle chamber 

- 

* NRX-A2 Reactcr Performance, WANL-TKt;--, Januarg, 1965, CRD. 

* A l l  accuracies given i n  t h i s  section are 2r (95% ccnfidence) range. 



The mactor power given above wm ccnfinmd within 

th% calcillated a c m q  by rabbit maswed power, and linear neutmnic 

channul number 2 pows~. 

cod- by c-318 quantities of tolal  c-argy release during the 

test aerlom chtdned *a0 integrated thermal pwr ai3 from pt-opera'tire 

radio&-*. k d m m  reactor power ispl ied core themd capsule 

material tsrpertUre rpbasurersnts agrees within the accuracy of the 

-8, however, this caparison i s  net completely satisfying 

because core tmprat. i=s im& a power level 51 h i a e r  than 10% W& 

3urirg 3- fv  the power averaged Sl3 IW over the 7 ninute test, -e 

total unergy rsleaae was 3-81 x 10" a t t - s e c d s  for the test series. 

Best valuer of sttady-rtate saptern operating conditions 'ue given in 

the cycle diagram of Figure 4.1- C. 

me p-ak p e r  level was a lso i n d i r e c t b  

A pa t - t e s t  calculation of the reactor operating 

conditions using measured p e r  .%mi :low profiles was performed 

with the TNI  code aad t h e  reactor model used for prettst predictions 

given in W A N b l W 4 8 ' 7 .  

demonstrated the adwiiacy of t3e  TNT transient startup representation 

and the necessity for adjwtmenta to the model in several regions 

to  mrre closely represent 0peratir.g conditions at steady state. 

Comparison of t h i a  calculation LO test data 

C- 
REST- 4.1-3 
Atomis -- 
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Preli.niha~.p c d d  flow tests performed i n  EP-IB 

demonstrated tha t  it was necesmy  t o  take the LH2 storage betmen the  

LH2 -Jenturi meter and the  reactor in to  account fo r  the pcwer test 

startup. 

EP-V 2. - 
"he reactor Was operated f o r  approemately 20 

minutes with 5 t o  13 lb/sec W2 flou, 21 t o  53 !d reactor Fer ,  and 

nozzle chamber temperature up t o  1300OR. The objectives of t he  test 

were achieved. 

two-phese ccnditions i n  the  refLectw region and at t h e  core inlet. 

Comparissn of the  measured data with "NT calculated comiitions was 

reasonable considering the n a x u r a c y  of the test resu l t s  since 

most transducers were operating near the  low end of t h e i r  sca-7.e. 

A considerable portion of the  test  was perfomxi with 

B. Core Parameters Sllnrmarv 

1. Core Material Temperatures 

5tat ion 32 thermocouples indicated temperatures 

t o  li00"R less t h a n  core material temperatures because of lost pottj-nq 

compound and bypass f l e w  through the  themcouple  lead channel. 

best indication of maximum co-Pe t m p r a t u r e s  were obtained from the  

thermal capsules located in the  central  elements which indicated 

temperatures from 4000"R t o  /+.WOOR at  s ta t ion  45. 

f i t  of the thermal capsule data was performed i n  order t o  correlate the 

temperatures with core radius. 

The 

A m u l t i p l e  regression 

This data f i t  shows tha t  the average 



t q r a t i i r e  of the entire central  regiolrr of the  core uas L276 2 10V2 

and t h e r e  uas nc signi,^icant radial vaziation, A t  L5e core perfphery 

the drb fit reveals - ';sear radial variation r i s ing  t o  a mar- of 

4360 ;179"fi a t  the cere peri*ev. 

four clustezs indicated the  imximm teqerzture of &0Col3 in the J TOY. 

h c i l i e z  of t h e r n d  capules  in 

Core nizl element smperatuies at m a x h m  power lnre 

ca lcdz ted  for the test con&tions of core inie: temperature, operat- 

control dnim angle and measuli  reactor flow rate m d  power (1096 NU). 

hmlating tie resuits of this calculaticn as a function of radus 

gives a reasonably f l a t  radial profi le  in the central  region of the  

core at a ncunhd level of 4080 2 215"R and an increasing tesnpratare 

toward the core -mriphery t o  a raxinzm of 4327 5 215% at the core 

periphery. 

which was also one of th: 4 west thermal capsule indications. 

Rie high peripleral taperatures result froa the  core orificing 

uhich was bas& cn ar, Qperating drum angle of 9" and an i n l e t  hydrogen 

taper. -ure of 2jO"R while the  mu5mxn operating condition was 103" 

drun angle and 225OR core inlet ',aperature. 

Tne maximum calculated teuiperature occurs in element 3-5-5 

The calc-ted values are almost 200"fi lower i n  the 

cerrtral region. 

inrestigated include: temperai.ue sensor- indicating high due t o  

Possible reascns for this vaaation which are being 

* Central region of the care I s  defined as a l l  clusters except tha 3 rcx. 



internal  beating, ca lcxbt ioca l  model used to treat :entraL elesmxt. m d  

f ie1 element h e i t  interchange, con? -e flow 111 excess of 0.36 lb/sec, 

higher reactor power, or  lower reactor flou. 

2. - CG~.Pre§Sure DroE 

C d e u b t e d  :ore -sure drop was about 5% lover 

thsn -ured core  presswe drop. 

factor correlation wed f o r  c L d a t h n s .  

decreasing fuel element flow ra te  5% wuld lead t o  calculational 

confirmation of both the core aaterial temperatme and the  c ~ r e  

'!%is may be due t o  t he  friction 

It is noted that a rb i t r a r i l y  

cP. 

3 .  'Pie *&d E t  Gas Temperatures 

Heasured t i e  rad temperatures were 130 to &IOE 

higher than calculzted d t w a  EP-IV and EP-V tests. 

t a p r a t u r e s  wre erratic, T-755 was &oat 3.Oc)OR lower than T-760 u d  

T-765 & I  Ep-ZV, while T-760 was up fo 46j"R higher than the otlner 

two operative thermocouples dcing EP-7. 

high S c a t i o n s  have been at t r ibuted to &the T/C contacting the hoiter 

nrlfbdenrls corie dur-hg the t e s t ,  as evicienced by the bent themcouples  

&served during disa-43erhl.y. 

Alsc the  indicated 

The e r ra t i c  behavior and 

C. F.eflector. Shield a d  Literal Su~wrt P?ram&.ers Siuxmaq 

The power picked up i n  the ref lector  s q s t a  calccLated 

fran measured L!, flow ra te  and measured temperatures at the four power 

holds waa 12.X : 10) % of t c t a l  reac tw thermal power while calculated 

nuclear heating rfitzs give a reflectoz pwer q u a i  t o  (1.75 

d 



reactor pouer- 

=as& xwflector ne&% rate nas abol;t +- higher than the  calculated 

hea%ing rate but uas within t he  e r r x  r age  of +,he calclllated rate. 

' h i s  masuremeat prim=&= a r e  a c x z a t e  refies+,or he2.zi-q than was 

prer iousfy  available. 

A C m p i s P n  of these values indicates that the 

P,aq-arrsa..zs of aezsued conditions and mest calculated 

conditims nere not. aeanmgfiil because (a) t he  test uas considerabb 

d;ffemnt than $am&; (3) tozzfe  tube exit. taperatwe ( ref lector  

inlet) was higher th-irr pretest calculztioxs indicated; ( c )  the anpport 

ring tecperatzrea, .*hicri affect the inrer-outer reflect@;: 5ap size and 

thereby overall  reflectcr mpsance, were leer t h a n  had been expected; 

and (d) reflectcr hc2ting rate was h i s ,  2; ialiianed ~Sove .  

basis of the ueas~ured test p e r  3nd f'ou -?te, neaslred reflector 

inlet temperature, m e i s u e d  refL2t tor  teat- rate am2 measured 

support ring temperature, ?ne ref lector ,  shield and lateral s u p o r -  

system coadrtions were calculated at the highest power hold. These 

calculated pessurez, f l u d  C,enperatures anci material temperatures 

were conprod t o  measured values III order t o  c3nfir-a the  calculaticnal 

nethod and ts dzscmer any arloc.zlies in cperation of  these coqonents 

during the  tes t ,  Generally t L r e  was r e x  wble agreement between the 

rrieasured and c3lcula:ed values. Items of i n t e re s t  obtained fron t h i s  

comparison are: 

On t h e  



1. bll calculated press~=es including the I z t d  

support pressure distrihtion were in good agreenient 

W i t h ~ u n l m m t S .  

Ill calculated plenum fluid teqmaturea - in good 
agmmmnt uit-h measz€d - temperatures. Siu&therao- 

couple tsslperatrzre idicatiorrrs for the hydrogen 

&tiq frcm izriiridtd major reflector coolaxit 

passages were in reascrJab3e agreanrent d t h  

Calatiom. 

Late.mil support seal chanrber fluid temperature 

2. 

3. 

wpc &oat 800OB lower than calculated. 

Beriachg other temperature mea6- in the 

lateral support region and H e w i n g  the the- 

couse installation lead to the conclusion that 

these T/C's were mst likely indicating inner 

reflector matcrial tesprature, rather than the 

average seal fluid temperature. 

.Haterial temperature measurements in the shield, 

support plate, f s e r  strips, inner refloetor, 

control drums, ani  boral vane uere all r e e s d l y  

close to calculated dues. 

4. 

Howaver, tho graphite 



inner re f lec tor  material teaperatures increased 

with t ime throu&o& the  test, even at the  steady 

state hcXs. This increase is  believed t o  be due 

t c  a decrease i n  grapEt-e the& corducti+ty 

with k a d i a t i o n ,  althou&h -~t~eriavental 5ata 

on the  e f fec t  of i r rad ia t ion  OL H4.U graphite 

conductivity is not presently amilable. 

mperature s m r y  was evident at steac@-state 

operation d i i  EP-IF iT1 reflector inlet, re f lec tor  

outlet ,  dore end, and c x e  ~AE? pl-. 

EP-V n 9 i t h a l  t empcra tm -tries are eddent .  

These -tries and t h e i r  cause are be- 

studied in detail. 

5 .  

During 

D* - Nozzle 

The nozzle tube inlet presswe drop calculated with the 

'lm Reactor Me1 agreed well  with test measurements. 

pickup of the  nozzle c o o k %  was about 30$ m t e r  thvl calcclated. 

Hawever, heat 

Tmprature dis t r ibut ion at  the  nozzle tube exit was 

spanetrid throughout the high powr test after hydrogen aspaetrp 

exceeded c r i t i c a l  pressure during the  a+&uD. A n  a9lmtW teape_..ature 

aspmetry during prech i l l  3nd the  firs+. pr t ion  of startup was  

apparently cFiented wfth the  nozzle feedlme, bit had no significant 

e f fec t  on operation. 



4.i.2 

The plannsd 

a 90"R drop 

EP-IO T e s t  Descrirrtion and Chronolo~ 

Tho pcuer test uas p e r f o m  on September a, 15&. 
profile consisted of a reactor precbili comspcnding to  

h core inlet tempera:-= folloued by a power and flou 

rise c o r r e s p o u  to a %"R/stc increase in d t  gas temperature at 

a 50$* power told. 

by a retreat t o  2230"R ckmbcr temperature ani a scram a d  simltaneous 

switch t o  amb:ent coolaat. Ail power and flou changes we= 

plamed t o  be in a m e r  to corresjxd to a w a d e  chamber temperature 

change of sU'il/sec, excepting for a 135"R/sez nczzle c W r  teaperatwe 

decrease rzte followjng the scram. 

A ?&8 and 83% power hoid uem? planned followxi 

Table 4.2-1 ;resents 2 selected 

:hronology. 

manned duration cf the 50% hold uas one a t e  while the 

76% hold uas to be terminated when Y i i m  supply p m s u r e  decreased 

to  1?00 psig cr after a five-minti'k interval. 

hold telmrination criteria had been established prior to ths fest as 

that t u b b e  pressure which would a l l o w  for a reasonable final 

hold duration. 

interval or at a 1Kx3 pig turbine supply pressure ubichewr occurred 

first. 

-ta. 

The sup- pressure 

Tbe final hold was t o  be teminated dte;- a three-namh - e  

l200 pig was the drLmm tank farm pressare fo r  turbine 

- 
Percent of IlM %-, design power. 



TABLE q.1-1 

CHRONOLOGY NRX-A2 EP IV 

Control Room 
lime 

Reference to 
Figures Event 

Automatic power stortuF 13268 

Open OB\/ 86 for prechili 13642 A 

B Power starts up, enci of prechill 13693 

Nozzle pressure exceed critical pressure 1271 1 

Temperature control trim starts 

Start of f k t  hold 

13713 

? 37A3 C 

0 

Switch to run 13804 

Start of second hold 13816 

13946 

i 3953 

Switch to run 

Start of third hold E 

F 

C 

H 

Increase power to maxiinurn hold 14065 

Retreat sturh 14101 

14109 Flow shritdown and power scram 

Nozzle inlet temperature starts to rise 
as GH flow i s  established 

Coo I down 

2 

141 13 



Planned steady-state operating conditions yr?m as follows: 

Power Flow Rate Nozzle Chamber 
Mi S o f L 1 X ) W  lb/8eC Tenmerature O R  M a t i o n  

566 50 61 2650 1 min. 

855 76 71.3 3m 5 min. max, 

930 83 71.3 3450 3 m i n .  max. 

Operating limits established @or t o  the test are given i n  Table 4.1-2. 

Figure 4.1-1 graphically presents the tbree -or parameters - 
ngzzle chamber gas tempex-ature, reactor thermal power, a d  coolant w s  

flow rate - as they varied i n  time during the u e r  power test of the  

NRX-A2. The calc-alated nozzle chamber temperatures given at four times 

during the test are considered t o  be the best estimate of t rue  chamber 

temperature during t h e  test. 

With the reac tor  i n  power control a t  a constant pouer of 

2 MW and a hard c h i l l  of the LH2 feed system, the main coolant valve 

oBv-86 was opened at the time designated by "A" on the  Figure 4.1-1. 

A 50 second reactor prechill corresponding t o  a 90OR drop in core 

i n l e t  at a flow rate of a p p r o d t e l y  2 Ib/sec IH2 followed, and at 

time "E1' on t he  figure the programed run was initiated. 

power holds are designated on the  f a r r e  as the  time intervals from 

G t o  D, D t o  E, and E t o  G with an unprogrammed manr, power adjustment 

a t  time F, 

The planned 
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S A  I 

Power level was higher than planned during t k e  early p r t i o n  

of the s ta r tup  resulting in  nozzle chamber a m  fuel e l m n t  temperature 

increase rates higher than expected. Homer, d e n  s ta t ion  32 material 

tempratwe exceed&. 450'R the  temperature t rk  loop became operative 

and t he  pem;~11~ ing po-rtion of the  power ramp was as planned. The 50% 

pover hold was close t o  planned power and tempratwe levels, with a 

duration of approximately one minute. The programnelz were switched 

t o  nm at  the end of t h i s  hold and power and flow increased t o  the  

approximate conditions planned fo r  the 76% power hold. During the  

pouer rise and the hold, s ta t ion  32 core mterial temperature t h e m -  

couple -Xica t ions  began t o  decrease, due t o  failure of the thennocouple 

potting and attendant bypass flow cooling the  thermocouple. The 

temperature control loop trhmed reactar power t o  the  xaximum allowable 

increase of +l5% during this programned hold. 

uprard during this hold of about 2 minutks. 

reached 1753 pig the  hold vas ended and :ha progammers increased pcuer 

to the  final planned 83% power hold. 

a p p r u a u i e l y  1040 Mkd for about 2 mirrutes compared t o  a planned 930 MU. 

'he  s ta t ion  32 cors material thermocouples 'were indicating approximately 

lOOOOR low at the  end of this hold. 

Thus the  pouer dr i f ted  

When turbine supply pressure 

F'om during this hold was 

In addition, the nozzle chamber 

themcouples  were indicating temperatures several hundred degrees lower 

than the t rue  mixed mean chamber temperature. No useful information 



couid be obtained from the  s ta t ion  45 core s a t e r i a l  thermocouples 

because they ss.turated st, aboGt 3700"a as expected. 

the available temperatue indicb-ions, t h e  Chief Test Operator 

manually increased the  power t o  final level of 1096 Nw for about 

On +,he basis of 

40 ~ e c ~ n c l s .  

A t  the  predeterzhed turbine supply pressure, shutdrwn w a s  

initiated with the planned retreat (ltG1l on Figure 4.1-1). 

seconds later. a flow shutdown and scram, upon conmuand cf the  Test 

Director, temimted the  retreat. 

d.ewar pressure signal, was frcm a chamber temperature of 3380OR rather 

than the planned 2290°R a d  was comequently ,-3r"e severe. 

Eight 

The shutdown, due t o  loss of the 

A restart and post-run c r i t i c a l  rod position test was 

p e r f o m d  a p p h t e l y  2 h G w  a f t e r  shutdown, 

t e a t  the.- was a 32 hozr c ~ o l d o w n  period wlth ambient hydrogen, 

&icnt nitrogen and cold nitrogen t o  remove the decay beat f romthe 

FollcwJlg the power 

reactor. 

In a v ,  EP-Iv WaLS of 

of t h e  prechill t o  t h s  S c ~ a m  with an 

Icaxiolum operat5ng conditions of 1096 

7 minutes duration from the  end 

avsrage power of 825 Ilk? and 

MW Kith 75-6 ib/sec LIi, i c c k ~ t  
L 

and 3815"R nozzle chamber temperature.* Operat.- conditions, more 

severe than planned, were success- suetained by the  reactor during 

the startup, a t  high p o u e ~  holds and duing t h e  reactor shutdown. 

oprating conditions of power, temperat.De, pressure and flcw are 

These 

tabulated in Table 4.1-3* 

* Power and nozzle chamber temDera+.ures quot.ed are determined - . -  

a reactor heat S l a n c e  described 
f o l k w i n g  se; tion + 

RESwtWYMP t!mm 4.1-?7 

from a 
i n  the 



TABLE 4.1-3 

Parameter 

P w e r  -- 
Integrated 
Ins tan taneous 

NRX-A2 EXTREME OPERATING CONDITIONS 

Value Oherved When Observed 

stronuclear 

6500 MW-Min. Al l  EP's 
1 OY6 EP IV For 40 seconds 

Temperatures 
Chamber Rate, Max. + 125OF/se:c EP IV Startup 

Min. -35o0F/~iec EP IV Shutdown 

Unheled Core Mod., Max. 43!Z02 EP IV ~t?CWrec! thermai capsule 
Avg. Min. 200°R EP ;V Cooldown 

Nozzle Chamter, Mox. 38 15'R 
Tie R o d  Exit Gas,Max. 167OoR 

Time above 3250'R 355 sec 
Core Crifice Adhesive ?050°R 

Inner fleflector, Max. 850'R 

Outer Reflector, Max. 750'R 
Core Inlet, Min. 47'R 

1 4W0R 

FP IV 
EP v 

EP IV 
EP !V 

EP IV 
EP IV 

EP I? 
EP V 

Ca I cu la ted 
Abort, TmnFien t(negl igi ble 
core AP) 

Cooidown prior to first 
GN pulse (inferred from 2 Station 8) 
Cooldown 
T 

Coaldown 
H Quality estimoted 
beLee" 70 to WO 

max. 

Pressures 
Nozzle Chamber Rate, Max. 36 psi/sec EP I V  Startup 
Nozzle Chamber, Max. 581 psia EP IV 
Feed Line, Max. 855 psia EP IV 
Core 63, M,ar. 121 psid EP IV 
Ref. l:ilet/Noz, Chamb. 
AP, Max. 172 psid EP IV 
Nozzle Tube AP, Max. 109 psid EP IV 

Flow - 
Rate of change 

LH2 

EP 1.4 Startup 
2 

6 Iblsec 
75.6 Ib/sec EP IV  

R&!ii- -A 4.1-18 
--4 



Si onuclear 

Detailed test  data and ana.lysis of the po-xer t e s t  described 

above follow jn this section. The EP-IV tt2st i s  considerzd i n  the 

following order. 

Subs cc t i on  

4.1.3 R e c h i l l  1362 t o  13693 

4.1.4 High Power Holds 137L-: t o  l l + l C 1  

4.1..8 

4 .;.ti Cooldoun l l + l C l  on 

Cont eat s - Control Room Time Interval 

S tmtup  and Shutdown 13693 t o  13743 and U 0 1  t o  14130 

4.1.3 Prechill 

A. Reactcr 

Redicted reac,c? y s t - m  t eqe ra iu res  a t  the end of 

prechill  given i n  WAKGTME-"87 are compared t o  the measured t e s t  

temperatures at the end of the prechill  period i n  Table 4.1-4. The 

pretest  calculated values were based CII the ent i re  reactor belng A t  

ambient temperature of 540'R when the prechill  was ini t ia ted.  

reactor had been a t  2 Mw for Lver j mirlutcs prior t o  the  prechill  

The 

and the reactor and core temFnra+;. . e r e  above ambiect temperature 

when OBV-86 was opened. 

temperature was reduced from 588OR t o  455"R, somewhat more than the 

planned 90'H reduction. T-781 which was  Lsed t o  determine when the 

90'R quench had b a n  obtained decreased lWOR during t h i s  interval. 

Although the i n i t i a l  test. temperatures were considerably highe? 

t h a n  those on which the calculations were based, the temperatares 

During the prechill  in terval  the core i n l e t  

at the end of prechili  were v e w  close t o  expectations ds shown i n  the 

table. 



TABLE Ll-4 

REACTOR C~NSITIONS AT THE END OF PRECKILL 
(CRT 13693) PREDICTED AND MEASURED 

Reflxtor fr let (Average of 7 T,;c) 
Reflector outlet (Average of 5 T K )  
Core Inlet (Average of 11 TIC) 
T C T - 2 1  
Nczzle Chartlber (Average of 4 T/C) 
Tie Rod Exit G a s  (Averoge of 4 T/c) 

0 
Tine for 90 R reduction at cose inlet 
Actual titre of prechili 

*Czlcuiuted with pre-rw TNT 

4.1-2. 

Mmred Predicted* 

33 1°R 35 1°R 

-- 
43OR 38OR 

45s0a 443OR 
473cR -- 
565% G3b0R 
64 1°R SXi'R 



test, i=-c,,Uaf 50u rate could not 

SOY =tar 7€-7, bxatlse part cf 

Hcueller, t h e n  are several 
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a t  ref lector  W e t  t o  68'R a t  the core inlet. 

variation OCCUM at the n f l e c t o r  ou t le t  d is lNoR. 

disappeam during the puer run, ard is discussed bore fully i n  the 

s t a r t u p  section, 

Houwer, the maximum 

This asymetry 

C. Reflector 

'Lhe axial dist r ibut ion of material teaperatu=es at the 

tnd 02 

vane are shown on wie 4.1-5. 

the ref lector  sy8te.m where th& l o w t a p e r a t u r e  n o d e  e d t  f lu id  enters 

the  ref lector  spten is cclaer than at the dome end. 

temperature increases as it passes through t h e  reflecto&- due to t he  

sensible heat pickup frm t3e ref lector  ma+,eriais. 

tha t  t h e  control vane which has 3 lou heat capacf.ty is coolest. 

cc?atrol dnrr; and the sectom are iss ef fec t i re ly  coded during the  

transient,  and thus show correspondingly higher material temperatures. 

(CRT 136%) f o r  the reactor, control cirusi, axxi control 

As may be wrpected, the nozzle e d  of 

The bulk f l u i d  

Aisc., it is nocfced 

ihe 

h e r  ref lec tc r  naterial ana seal chamber fluia 

t eqe ra tu res  are sho-m on Figure 4.1-6. 

shown decreasing teaipratures r'rca. the dore end t3 the nozzle end, 

with tho exception of T/C T-412 a t  s t a t i o n  35.3. 

single higher tempeFature is not horn.  

maswrements appear t o  be as might be expected coLoidering t h e  low 

temperature pin lelkage en%ering the systenwithout high pwer generatin 

at  t h i s  time. 

The seal  ch?*r tea;peratms 

The cause of this 

The other teariperatwe 

Tie axial ri istr ibutios and temprature level  of the 
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innc;. ref lector  material temperature as shorn i n  Pigure 4.1-5 is similar 

t o  the other re f lec tc r  cosp0nent.s shown in Pigure 4.1-4. During the 

trazsient prechi'il, as expected, the inner ref lector  cylinder cooled 

P D ~  rapidly than did t h e  dxum a d  sector reaching a louer tsmperature 

at  t h e  end of the prechill.  

A comparison between the measured values of re f lec tor  

i n l e t  and outlet  plenum conditions w i t h  those predicted is ahom in 

Figure 4.1-7 fo r  the prechill hterml.  

s tar tup period (after 13693 second) are based on a post-run TIR 

calculation. 

'Ihe calculated d u e s  for the  

Chly the traces fo r  the nmzimum and minimum tcmpemture 

are shown for both the ref lector  i n l e t  wd outlet  on Figure 4.1-7. 

The linear average of these btUr temperatures is shown by t h e  2 

error Land (95% confidence 1 ~ ~ 1 )  at the end of the prechill  (CRT 

13693) and start of the  first power hold (CRT 13743). 

i n l e t  temperature is the averzge of seven thermocouples and the 

ref lector  out le t  tznperature is an average GZ f ive  &ermocmples. 

Mt 

The ref lector  

A t  the s t a r t  of pr(?chill  t he  temperatures of the 

ref lector  i n l e t  plenum dropped rapidly t o  a steady-state value of 43"R. 

The ternperatare of the outer ref lector  ex i t  plenum decreased at a 

slower r a t e  because of the heat pickup in the re f lec tor  system. 

CRT 13693 the prechill ends and t h e  s t a r t u p  begins. 

period the reflector i n l e t  plenum temperature rises, and levels off at 

9 0 O R  at the start of t h e  f i r s t  power hold (CRT 13742). 

A t  

During the  s tar tup 
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n e  reflectar outlet  temperature decreases after the 

in i t i a t ion  of pmchrll, ard holds constant between CRT 13695 z?d CRT 

13710, 

decreased rapidly t o  a minimmi value of about lOO*B and there increased 

t o  its steady value of 43"R at the  f i rs t  pouer hold. 

temperature m q  the resul t  of change i n  power t o  flow r a t i o  of the  

reactor. 

After GRT 1371G, &en the flow increased rapidly, the  tempsratsre 

The increase i n  

4.1.4 Ifinh Power Holds 

Iri t h i s  sec+,ion reactor performance and reactor conponent 

pr fowance  at the bteady-state power holds are considered. 

operation durmg t h e  startup and shutdown are considered in the  next 

section. 

mental data and m e s  which were rwuired. 

tmzs  (13790, 13900, 13985, and U085 seconds), were selected as 

representative of steady-state operations during each oi the four high 

power holds. The run profile on Figure 4.1-1 gives calculated thermal 

pwer, meaJILFed flow rate and measured nozzle chamber temperature. At 

the four steady-state times nozzle chamber temperature calculated from 

the nozzl?  equation are included. 

Transient 

Four operating times uere chosen f o r  examination of the  experi- 

These control r o o m  

A, Power Determination 

The liquid hydrogen flow rates were calculated a t  the  

salected EP-IV hold times. 

meter upstream of the pump (FE-4) and the venturi douastresm of the 

plmp (F'E-7) are used i n  Table 4.1-5. 

Results of the calculations for t h s  venturi 



TABLE 4.1-5 

EP IV HIGH POWER TEST LH, FLOW RATES AND NOZZLE CHAMBER TEMPERATURE 
L 

Control Room Time (seconds) 

Reactor Flow (lb/sec.) 

Inlet venturi (FE-4) 

Discharge vecturi (FE-7) 

Average Flow Rate 

25 Error of Average FIow Rate 

Tie Rod Channel Flow (lb/sec) 

Lateml Support Flow (Ib/sec) 

Nozzle Chamber Temperature 

20 Error CR) 
Nozzle Chamber Pressure (psia) 
Average of p-122 and p-124 

1 3790 

60.1 

60.2 

60.1 

+ 1.6 

3 , M  

0.28 

?603OR 

+ 200 

382 

- 

- 

1 3900 

74.0 

74.2 

74. 1 

+ 1.5 

4.44 

0.35 

33W0R 

+ 210 

537.5 

- 

- 

13?85 

75.4 

75.9 

75.6 

+ 1.5 

4.54 

0.36 

- 

3 W 0 R  

+ 210 

568.5 

- 

14385 

75.4 

75.8 

75.6 

i- 1.5 

4.57 

0.36 

38 15OR 

+ 215 

581.5 

- 

- 

4. i-31 
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The t i e  rod flow rates given i n  the  t ab le  were calculated 

fo r  t h e  experimental =actor operating !..xditions using the  XXP 

program. 

obtained by extending Data Rook calculations* So A2 oparating conditions. 

An experimental verif icat ion of these flow rates could not be d e ,  

prkrily because D f  the  queszionable seal chamber temperature 

indicaticns. 

Table 4.1-5, -asing the average FE-7 and FE-4 for reactor flow. 

chanibez temperature ,and reactor pwer is ca lcuhied  jYom a heat balance 

using this average venturi flow rate. 

qreement, however, any pJntematic e r ror  i n  the Id2 flow rate which was 

6% h g h e r  than gamed, would effect  the  reactor power levels 

calculated i n  t h i s  seL+,icjn. 

The l a t e r a l  supporb system flow rates in the tab le  were 

Analyses in t h i s  report are based on the  flow rates in 

Nozzle 

The two venturis are in good 

Nozzle chamber temperature measurements were found t o  

be considerably h e r  than t h e  mixed mean nozzle chamber temperature 

calculated. 

thermocouples is  bel5et-d t o  be the proximit3 of the  thermocouples t o  

t h e  nozzle w a l l ,  as diaciissed later in this section. 

mixed mean nozzle Zhamber 5emperature was calculated fromthe nozzle 

flaw equatior. 

The principle cause of this low inaxa t ion  by the  chamber 

The most accurate 

* Reactor Analssis Data E.)ok, WANL-TME-840. 



C B L  
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stronuclear 

W = flow rate, lb/sec 

P = nozzle chamber pressurep p i a  

T = nozzle chamber temperature, ‘R 

A = nozzle throat m a ,  59.0 a t  operating 

temperature 

flow coefficient, 0 138°R/sec average theoretical  

value x .?85. 

K 

Test values of the  chamber pressure and flow ra te ,  .: nozzle flow 

coefficient 1 l/2$ l e s s  than theorstical ,  and measured nozzle throat 

area correcttd t o  operating nozzle temperaturz were used i n  the chamber 

tempe.r3ture cal,wlation. 

tile four steady state times and the 2 

accilracx an4 a 5 1% 2 

Table 4.1-5. Chamher pressures used in this calculaticn which are an 

average of the two nozzle chamber pressure transducer indieations are 

4 9 3  included i n  the table. 

compared t o  a t rp i ca l  nozzle charrber thermocouple indication. 

The result ing nozzle chambe? tanperatures at 

error based on flow and pressure 

error  on the flow coefficient are given i n  

On Figure 4.1-1 the calculated val-aes are 

A heat-balance was p r f o r m d  from the ref lector  i n l e t  

Test pressirs.e t o  the nozzle chamber t o  obtain reactor thermai power. 

and temperature conditions at t h e  ref lector  i n l e t  gave t h e  inlet 

snthalpy uhile nozzle chamber pressure and calcuLated temperature gave 

Lie nozzle chamber enthalpy. %us, the thermal power i n  MW was 



u7? 

ii 

hc 

hr = nflector inlet uthdm, BTU,,lk 

C 

total reactor t h e e  pol-er in W- 

= miczor .flow rate!, Ib/sec 

= w z d c  chasher entbclw, BlU/lb 

= nuclear heating in tke naale  aad radiatton x'nr 

csre t o  n o d -  !4w 

The regenerative heat tramfer bet- GU the bot a d  cold side hydmgen 

is the ride do not ?pear in the ,porn wqiraqion becam the ,.ot side 

heat loss is -celled by the :old side heat gain; however, n u c l ~ s  

heat- in the no%& and r a h t i o n  heat tranucer fka the c o n  t o  

the n c d e  are .tcoutted for "C" in the above expvssion. B e  

value of C i.a9 calculated and f d  t o  be a p p m x i n a t ~  2 1(y at dtwign 

concLtions. 2.t part power operation the "Cm ma a s d  

proportioned t o  the power. 

the d c u h t e d  power are given in Tab15 4.1-6. 

be cl i rectq  

The factors 2; the power calculatian uui 

Indeperdent methds of obtaining tho reactor peer include 

'!rabbits" ml?h were irradiatsd for specific time intervals &icing 

teat, ana neutronica tank detcctm.  

by th.  zibbits, tl.4 neutroni~8 tank h e a r  number 2, a& the mat 

bBimCe are tabubted in Table 4.1-7 for the four steady ska+s hdd 

Smes. 

expected aczuacy of 'chese m e a s w m e i  t-. 

Reactor +hemal ponr evaluated 

30 qpunent of theset r wer masuremats is wll  w i t u i n  t h o  



A 

13% 

92 

r ;& 

149 

- 

2m3 

3h2 

3183 

9034 

60.1 

1.9 

574 

13900 

1 IS 

687 

2 17 

3390 

537.5 

12259 

12042 

74.1 

1.7 

943 

1m5 

136 

731 

288 

- 

3644 

!%a. 5 

13280 

12992 

75.6 

1.9 

1038 

i4065 

13-45 

75? 

287 

- 

3815 

581.5 

13992 

i 3704 

75. 6 

2 

105% 



EP IV RFACTOR THERMAL K W F R  AT STEADY STATE HOLM 

Contml R a a n  lime, Haat bolmct, Robbit Neutmnics Tank ( l .~ No. 2) 
seed MW MW MW 

13985 

14065 

+ 59 
9?9 - 131 1038 2 49 

+ 63 +63 
14Q 1096 2 50 1059 -,,* 

A2 TEST V T A L  REACTOR E N E R G Y  COMPARiSON 

ottettor 

Linear neuhonics 

R&i t 

T k a l  

Pamt Test Radiochemistry 

Energy release (watt-) 

3.67 x 10 

5.59 x 10 

3.el x 10 

5.68 x 10 -0.157x 10 

- 
1 1  

1 1  

1 1  

1 1  i 1 1  
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* Badiochgdstrp lbas tmmerits on NRX-A2, KT&&16?1, Decanb~ U, 1964. - 
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us- the best artilable dab ani axe the best e s t a t e  of actual 

opwatirrg corditicmsr 

is included, the *st data is cazmidcred to be umdiabler 

In casea vhera both a *at d calculated d u e  

The steady operation uas ai; an off4estgn c d t i o a  

of about 9 s  power and lOj% f low (10% Ly and 75.6 lb/sec), The rrotable 

vz&Atiom .-a cycle conditions dxich would be expected at this 

oprating c d t i o n ,  all of whick are considered in d c t a i l  in the 

fallowing portion cf this section were: 

1. Reflectcr inlet temperature 15"R high due to 

abaut SS more beat @&up in nozzle. 

C a e  inlet t q e r a t n n a  35"R high drle to 15% more 

kat- ppmratior. in reflector arri 

2. 

nozzle 

coolant heat pickup. 

e. core P s% low.  

- -  
I. 



1. Core *Le*, Terperatures 

TEe core i s  &sip-& ar.d orificed t o  run h i i t t  a flat radial 

sizes). 'io achieve this prc t i le  t h e  c3re mst operate a t  the  aeslgr. inlet ta- 

perature and colr-trol d m  Dale. 

the  or i f ice  presswe ~ w p s  depend on the h ~ O g e r i  properties. 

ditions he,d C C C S t h t t ,  B reduction ir. M?t temperatuFe fro0 t he  design vake 

KLi- cawe a reduction il the  impedance across ever? of i f ice .  

The b l e t  teqerzture is  i.nprtar.t keczxse 
- -. i.lth other COE- 

..- The ~~)re pressure 

drop wi i l  Le reduced as a resdt, but the  core important effect is a redistri- 

bution of S o w  Lwtiieen the he1 element chznneis. >e result i s  an excess of 

f low 5-. t he  low p e r  factor chamels and starrib-g of the high po-xer factor 

chzrieis. 

OriMckg cf tr?e :;"<-A2 core took pLace well in advar,ce cf 

f ina l  de temhat ion  of sufficien5 infomation t o  mke a ?inn prediction of the 

cere inlet temperature. 

and a 9C3 hot drupi angjz. 

in pre-run calculated core hLet tempera+.ure at  full power desi@ conditions 

t o  20%. "his ozcurred too late t o  make a change i n  the or i f ic ing ha: the  

efr"ects of off-design inlet tetiiperzture Mere included i? the calc\ilat!on of 

Orificing MS base6 on 2 5 ~ 2 -  core i d e t  temperature 

Subsequentl,y, the nazz-le change czused a redmtio;; 

expected core teniperatures arx! hot channel factors. 

based on maximum test conditions o r  1096 E X  and 75.6 lb/,rsc flow, the core 

j n l e t  temperature a s  calculated t o  be i9C0R. 

Us'ng t h ?  pre-run method 

However, the measured average 



There w e r e  three reasons Tor the high measured  values of 

core inlet terperatwa: 

(1) %e measur& nozzle tube -5 temperature m 2~% w e r  

than dcuhted .  

(2) .%e ~easured heat pickup in the reflector regim was high Q 

a k u t  155. 

(3? - re was Ugh measured heat pic- f m  the d w  end pleoum 

t o  the  core M e : .  

These factors  wer 2 investigated in detsFilG. 

, Sore Pmssure Fkasure5 ent S 

Two sensors, P-122 a& P-2-24, tLt were locsted in t he  

nozzle chamber opes t ed  rel iably during the high pcuer holds. 

pressure measnement in the  core inlet plenum, P - 6 3 .  

There uas one 

The cos- FFessure drop 

uas measured by one instrument, DP-6.23. The core pressure drop agreewnt 

between DP-6C3 and the  difference between absolute pressure measurements at 

the  core illlet and exit was within i-i/2 psid or less. 

The aeasured C O i -  inlet pre3sure is OF l i n e  4, TaSle4.1-8. 

Line 10 contains measwed core exit (Rozzle chamber) pressures and Une 12 

t b  s=sured core pressure drop. 

121.2 psid occurs 

?he naximum m e a d  core press-ire drop of 

2.3.7' US5 awing the  highest power hold. 

:. _$.,re Temperature Measurements 

?hernocouples - 
rUrl:lg t h e  four high power hoids,the thermocoupie 
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TABLE 4.143 

TEST VALUES AND POST TEST CALCULATIONS AT FOUR STEADY STATE HOLDS 

Conhpl R o a n  Time 
Power in watts (thermal) 

Core Inlet Tempemturn, OR 

Ca I cu la t d  
Mcosurcd+ 

Core Inlet k u r e ,  Psi0 
Calcu Ioted 
Meos4Jred 

F ~ I  E i m t  ~m hit T-., OR 

Calculated 

Maximum Fuel Temp., OR 

Ca I cu lated 
Highest Measured 

Tte R o d  Exit Temperohre, OR 

Calculated 
Measured 

Core Exit Pressure, R ia  
Measured 

Core Pressure Drop, Psid 
Ca I cula ted 
Measured 

0 Shield Dome End Temperature, R 
Measured 

Total Flow, Ib/sec 
Measured 

Nozzle Chamber Temp., "it 
M€?OSlded 

1375Xl 
(574 MW) 

15319 
172 

462 2 12.9 
460 + 13 - 

2753 2 200 

2937 2 200 
31802 105 

374 
513 2 26 

381 f 10 

81 28.1 
78.72 T I 

148 2 7.5 

00. 1 ,+ 1.6 

2603 2 200 

13900 13985 
(943 MW) (1038 M\4) 

20429 22029 
2 19 233 

652 ? 12.8 
648i-13 - 686+13 - 

691 2 12.7 

3579 f 210 3839 2 210 

3751 f 210 4016 2 210 
4OoOk 105 $OX)+ 105 

453 485 
611 226 657226 

116k3.0 12457.8 
i i 1.7 2 3.6 118.7 2 3.6 

1 9 6 ~ 7 . 5  211 k7.5 

7 4  ! 2 1.5 75.6 2 1.5 

33'Q 2 210 3644 f 210 

14085 
(10% MW) 

225z9 
243 

707 2 12.7 
701 + 13 - 

4013 2 215 

4327 2 215 
4430 2 200- 

499 
690 2 26 

581)k 1c 

127 2 7.8 
121.2 i 3.6 

216k7.5 

75.6 2 1.5 

3815 2 215 
-- 

*Core Inlet Temperature Thermocouple Readings Uncor-er tsd for Internal Heat Generation - 
The Correction i s  Approximately 3 2L' - 30°R reductim- 

at Stcrion 45 Inches. 



measurement of core material temperatures showed t h s  expected pretest trends, 

except for  the  s ta t ion  32 thermocouples. 

tory of me s:ation 45 core material thexmocotiile and tuo s ta t ion  52 core mat- 

rial themxouples.  

typical of s ta t ion  45 .;/CIS and uas as expected. When t h e  taperature 

exceeded about 37N03, the thermocouple degraded and gave an appmxhately 

c o n s t a t  i ndxa t ion  x g a d l e s s  of teqeratu=e, 

statiori 45 ?/CIS uere not selected far reactor cor;tml. 

couple, T-647, indicated temperatures v 3 n  close t o  the  expected trend at this 

location, nowever, this T/C 'was the  only s ta t ion  32 T/C which indicated the 

expecL,ed terpera+,ure. 

rest of the  s ta t ion  32 T/C's. 

Figure 4.1-b :ontains the  tim his- 

The t race  of t h e  s%+don 45 therrocouple, T-632, was 

This c t u r a t i c m  is tht reason 

The statior? 32 thermo- 

T-643 ori Figure 4.l-8is typical of the behmior of the 

They d ive rgd  fram the  expected mterial ta- 

pergture during the rise t o  the second hold ant indicated temperatuns up t o  

12iC?? low. Section 4.5 ciiscusses thermocouple resu l t s  in detail. 

?he 2 r e r r o r  in a single thermocouple reading during 

all high power holds at s ta t ion  2G, 32, or 45 is 2 1CS0R. ?his is based only 

on the  data acquisition system, instrument e w r ,  w.d reading error. "he 2 6  

error  i n  the calculated terqerature at s ta t ion  45 will be discussed along 

with the riethod of post-test calculations, 

b. Thermal Capsule Temperature Measurement Description 

The u t i l i za t ion  of t h e d  capsule temperature measure- 
- 

ment, contrcrsted t o  the thermocouple, does not provide a temperature time his- 

tory. 

inspection and define xmdmum temperatues expe7Lenced for each specific 

Thermal capsule temperatures a r e  determined during post-operative 
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placement. 

couple are, (I) detenniration of an add teqerzture p rc f i l s  fo r  each ttzrittal 

Two inherent advantages of the  the=i capsule over the themo- 

capsule placement and (2) no instrumentation leads. When instdled, these 

uni ts  are potted k. pnnanently and do not perturb the  design geametry. 

Evaiuation of W J 4 2  thermal capsule msuits of in-core 

temperature distribution are presented for t h e  central  region ubi& essentiaily 

define a radial condition whereas the  peripheral reg-on reflects radial and 

dlroesslir-ec! zzimuthaj. effects. Figure 4.1-9 shows thennal capsule results 

of axial temperatur2s in the central  region in which the  radial tar-erature 

at the  not e& of the core was d t h i n  4CG0R. 

i n  Figure 4.1-9. 

at s ta t ion 45 in the range of 43K03 t o  435COil inclusive. 

profiles with temperatures at s ta t ion 45 i n  the  range inclusiv.:! of 4150% t o  

42595. 

periphery was wider. 

perip'leral region. 

435m - iJ+W3R; area I1 has 19 at  420CoR - 130C0R, and area I11 covers 8 in 

the  range including 4900% t o  4150%. F i g u e  4.1-11 i s  a radial plot of the 

s ta t ion &5 thermal cazsule readings. 

shaied areas are ident i i ied 

Area I bounds li axial prof i les  a c h  indicate temperatures 

A r e a  I1 coven 8 

Because of control drum e f f - 3 s ,  the temperature distribution in the  

F i g u r e  4.1-lC shows a naximum spread of 5 W R  i n  the  

Area I of Figure 4.1-10 covs:s profi les  i n  the range of 

Thermal capsule tmperature measwement i n  t h t  core 

f i l l e z  s t r ip s  consisted of three placements. Figure 4.1-12 shows the  thermal 

capsiiie family dis+,ribution as well as the calculated axial temperature d is t r i -  

bution 

f i l l e r  sti-ips were greater than 2678% at the mid-core plane as well a s  a t  

"he t e s t  resul ts  indicate that  the temperatures i n  these instrumented 
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FOR ONE PLACEMENT 

C 10 20 30 40 .Y) 60 
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;or;p;e instaLed at &tation 45 showed that %he thennocouple readLrgs operate 

about 72% a k w  the ski! hole Wa;i tcqeratare. 

k t c  the effects  of gar;pa heating a t  the other core stations. 

Investigation is  contkuhg 

b. 2adial kiperatun Sariations 
.. - x c e  t k e  cor,t.rol d r x  acgie arid core inlet targeratwe 



10 20 30 40 50 

DISTANCE FROM. CORE INLET - IN. 

- -  
Atomic 



DISTANCE FROM CORE INLET - IN. 



0" 
I 

w a 
3 
t 
U 
al 
W 
Q 

w 
t 
J 

(L 
W c 

z 

1 

1 

--+w : MATERIAL TEMP. IN &,-,I- 
* AVE. UNFUELFD ELEMENT OCOUPiE MEASUKEMENTS - (4VfRAGE A N D  SPREAD) 3000 . . +: 1 r -A+- 1 - -4- I CI 

i .  . .  . . - . . .  1 .  - A & l  

L .  . .  

0 
0 50 



-- 

0 
0 10 2G 30 40 

DISTANCE FROM CORE INLET - IN. 



-.. Cul'iT4 all four high p e r  ko~us IC :-T: #ere dY-&siex-., the radial  ter.pera- 

t w e  d i s t r ih t io r ,  is not flat. 

l a te  the pressure drop ana the average fuel tt.LperaS-ure,since these are riot 

significantQ zffected by t h e  cktm angle. 

temperature can be seen in the radial teuperature profile for the 9C0 dnm 

aqie  in Xg1re84.1-17 and 4.1-1s. 

stamad 

cer.terline and at the outer edge +f each peripheral hading =ne ( a p w t e  

radius U.6, IS.&, rr.d '-7 inches). 

ir. these locations. 

0 :ne 9 .  c o ~ t r o l  dr;L ?%le was used to calcu- 

7he effects of %he off-desigr. bLex 

?he high power factor channels, which are 

a laver *a, desim Met teaperatwe are loca+,ed near t h e  core 

B e  highest temperatures are seen t o  occur 

'ihc -ai teuperature proflie a: the operating dnv- 

0 ar.gic was obtair,ed bj- aidusting the p d c t i o r !  rt,scits fm t h e  9: 

?he per cent change in panr Zctor with drum wait XI b.m. at each core 

location and the change i n  gas exit t e q e r a t u e  w i t k  per cezt char.ge it. power 

factor is kn-n ~ F Q  parapr*,ri~ data. 

angle were chen adjusted a t  each radial locatior, according T Q  the drm position. 

angLe. 

>c gas exit tesperatures a t  9i0 

;he off-design drum angles wiil cause the power t o  be 

suppressed near  the core c e n t e r a e  ana increased near the core periphe-. 

The ccmparison for cirm angle w.S0 versus sto i n  Figure 4.1-17 and i~30 versub 

9(? in F i g U n  4.1-18 should be roted. It is sew that tSe off4esign dnrm 

angle tends to  f'lattm the radial tenpera?.de distnbution i n  the core central 

regior! and amp. 'IY the teupi=ature !zcreese **th radius in t h e  core periphery. 

These qualitative resxlts were obser7ed i n  a s t a t i s t i ca l  treatment of the 

thermal caps-de measurements. ,'he 2 randm element-to-elenent variation i n  
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Ato- 

4600 

4400 

4200 

4000  

3800 

- NOMINAL TEMPERATURE BY MULTIPLE REGRESSION 

TH€RMAL CAPSULE READING NOT INCLUDED) 

0-0 A2 CALCUIATED T. = 225 DRUM ANGLE =90c 

- - - UPPER AND LI)WER ZU TEMPERATURE LIMITS (UNCERTAINTY IN 

in 
x-X A2 CALCLJLATED T. = 225 DRUM ANGLE = 103' 

MULTIPLE REGRESS ION RESULTS: 

T = C = 4276 + 109 OR (Center) 

0 6 12 16 20 
CORE RADIk3 (IN.) 

FICURE 4-1-18 CGMPMISOM OF NRX-A2 THERMAL C A P S U L E  PESULTS i.iITH 
POST-EIUN CAUULwTIONS AT HIGH PGWR HOLD STATION 45 
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temperature i n  t h e  core csntral  region m s  

it was 2 179%. 

radius  was measured i n  t h e  care  c e p t r a l  region. 

119% and in t1-e per',pheral region 

Wo s t a t i s t i c a l i j -  s i g n i f i c m t  %,-ariation i n  teapersture wit  . 

In  t h e  core periphexy, t h e  measured tempera*,ure is  a 

s ign i f i can t  function of radius. 

of radius,  a l tnmgh  thy  ca isu ia ted  f i n e  s t r u c t u e  MS not picked up in :he thermal 

capsule data. 

required. 

The calculated temperature is  also a function 

In order  t3 a::smplish such an a, ilysis, more measurEnents are 

c e  Y k a m m  2alculat.ed Fuel Temperatures 

Thi- xtwcimum calculated r,azlinal fuel taperatiire a t  

C2T 4 C B 5  is found at the cors peripherp i n  f u e l  eleme;it 552. ?his element 

bet*a;se of i t s  1ocGcion is strongly sffected by t h e  cont ro l  dram posi t ion.  

The average power in t h e  element increases  by 6.2 per  cent due t o  a &urn angle 

change from 9Oo t o  1,73=. VsiEg t n e  prev'ously described resvdts for a coxt ro l  

arm &t 9C0 with the avsrage element power factor , the maximum fuel temperature 

was 4Cl+8°2 and a f t e r  increasing t h e  power due %c drum angle e f f ec t s ,  t h e  maxi- 

mum f u e l  temperature is 4327%. m s  temperat-ne ca-ries a 2 215% to le rance  

due t o  e r r o r s  i n  the neasued inpzlt parameters cf i n l e t  t aperahre ,  flow, and 

nozzle chamber temperature a s  indicated in Table 4.1-6. 

t q e r z t u r e  in t h e  core peripheiy was 44CiC°F, using thermal capsule data. 

temperatures and other  s t a t i s t i c - l  dsta are summarized ir, 'Table 4.1-9. 

The maximum measured 

These 

d, Tie 3od_=perature 

Keasured t i e  rod exit  gas temperatures are higher than 

predicted as indicated 3n Figur2 4.1-19. I n  an attempt t o  resolve t h e  differ- 

ences between measured and predicted values, an uncertainty ana lys i s  was 



& 

A 
C- 
R R  

4 Atom- 

TABLE L.1-7 

MAXIMUM FUEL TEMPERATURES AT HIGH POWEP. HOL9 CR7 14085 (1096 MW; 

Maxir.ium nominal fuel element temperature 
~co/cuiate!d stot;on 45) 

Calculated 20 hot spot fule temperature 

Calculated 20 element to element temperature variation 

Central region 

Peripheral region 

Maximum indicated rtmperdtura {thermal capsule) 

E l e w t  to element temperature v d a t i o n  based on 
t k m 1  capsules 

Central region 

Peripheml regioti 

4.1-59 

432?OR 2 2 15 

4734'R 

lWOR 

179'R 
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perfomed ori %e variation i . ~  the t i e  ,-od center24 buskirg loss coer'?icier,i;, 

Variaticcs ix tr,e hea5r.g ir. -&e -x-f72eled graphite, vmxitioxs -3. core i K e t  

tarpra?-xe, V X ~ ~ ~ ~ O A S  ir, *&e t h e m :  co&-iicti\rit:.- of t h e  p:.'rogrzphite irs.;- 

Iztirig s-eeves, varizti0r.s ir t h e  @-&c,ter, gap thick-ess betueez the s tb le s s  

steel 3iner arid the  ppgraph i t e  ir.suhtic4 sleeve, t c d  v a r l z 5 o ~ s  5.1 themo- 

cocple readout. 

to the increase *. t h e  t i e  rod d t  gzs terzperz'Lsrres. 

These vayiaticns were cors5iered to '2e &he calor cmtrlkuzors 

>e rod exi% gas ;eszperatLmes fn>r :ow -mr;3elel z l e ~ e n t s ,  

- C (?-752), EL. (l'-?6-), 629: (:-%5), %.zd 2 8  (r-7551, &-ere Leas-xed. 

thennocoupit i n  *&.el& e1azw.t ;.C; (C-75;? operated intemitter,tl:. awing 

the test series a d  indicated qcesticr.a'oie teqerzt*ares 

i n  the data reductlw- anaLrSis. 

3.e 

has 5e.i.r. neglected 

- -3. - - -  TaSe 4. :-A< u . O L ~ -  a%es the -s.certairLties, deviatiocs, 

and Wtempertiture increases csed for :Z,o u x e n a i r q -  znal7sis. 

variztions sere cmbized statis5iczll;- tc 2etemine the 36oud;Lx1 t i e  rod e-xit 

gas t q r a t u r e  %r fu l l  power u,d fiox 3-ZV t e s t  cmcit iors .  3 e  teqxrat.*=e 

vzriance is %e sqcare of the  c l f f e rexe  cr" the cieviate? tozperatwe rir=2s the 

sane teqerat*xre urder norixial cor.diti0r.s. 

t h e r  smed fo r  a l l  corsidered cel;;,at<-o-.s. x c e  a&- 2e~at icr i .s  cor.sidered 

were input on 2 3 6  cor.fidmce level, the square root of the to t a l  variance is 

the  3dx~axinm temperatwe. 

measured, calcuhtec, and 3 d ~ a 1 5 n r a  :ie roc! ex52 gas terqerztcres for '..he 

2-E full power hold. 

"fie texriper&turz 

These t ecpers5uz-e va-iames xere 

-. -. 

.:t the k o t t o ~  of Table 4.i-LC is a smmz~- of +,he 



Pyro Sleeve Conductivity 

T-760 
1-765 
7-755 

Unfi~eled Graphite Heating 

T-760 
1-765 
T-755 

Ir:let LCA Coefficient 

T-760 
T-765 
T-755 

Core Inlet iempemture 

T-760 
T-765 
T-755 

Hydrogen Gap Between Liner and 
Pyro 

T-760 
1-765 
T-755 

Thermocouple Readout 

1-760 
T-765 
T-755 

20 = 23006 

30 = 250% 

0 20 = i 15 R 

2u = f 0.001 in. 

20 = 2 4 5 O R  

SUMMARY 

JTY ANALYSIS 

30 TEMEUATURE INCREASE 

i 26 
117 
I17 

59 
41 
41 

56 
50 
49 

38 
35 
36 

16 
16 
16 

60 
60 
68 

0 0 0 
Measured - OR Calculated - R 30 Temp. wcrease - R 30. Max.Temp. - Q 

T -760 733 
T -765 693 
T-755 597 

508 169 
476 154 
47 1 154 

-L 
A LI. i-52 

677 
630 
625 





D. stirrb P o w  Holds. bsde  

Infozmation on nozale geaetry  a d  heat transfer 

c&ficients ubi& - based 0111 the restilts of A m j e t  Meal f5riqi~ 

test t ,  mre fbmiaed by AGC in c !  of 1%. This infomatiam wiu 

psec in cmjunction w i t h  the RR code t o  calculate - d e  opaFatw 

characteristics prior b the HEX-& test. It was to repeat 

&e 3 T  calculation aftor the teat to obtain d t a  caprable to 

+-Eatures and enthalp i n m e  did not agree with the calculated 

values; the ac-ual nozzle heat pickup being abaut 30% -re than 

calculated. 

and will .!.ead ' 3  i m p r o d  heat transfer comehtion for use in the 

l"f U-tube L.,zsle model. The ability to  proper4 calculate notfie 

coolaut 1eati.q is of importance becaue of its effect on dowmtreaa 

flr '1 corditions. Ths core i n l e t  temperature higher than calculatsd 

was partidly dus to tbe higher than expxted heat pickup in the n o d e  

and paFtid2:f due to  refiector heat- rates higher tbari pra!icted 

(dtbc-lgh w i t h i n  the assigned uncertainty). 

These pede heat transfer test results are quite usnibl 



h 
N 
c 

u) 

c 

L. 1-65 

x - e 
e 

1: 

c 

3 
0 
U 
0 

c 
0 
C 
Q 

x a 
P 
& c e 
e * - 
C 

e - 
N 
N 
0 
S 



Nozzle chamber therrrocouples ixwjicated tempmhms 

nn serval L C G 2  less t k m  the act& &ed rem Eozzie chanber 

taperat- daring 6p-IV high pucr operation. 

haw! b3sn priurr-4 attritmted to gas taperatun at the T/C locathn beins 

lasv than the average mzsle chader  &as --. 
chrrhcr thvrocapplts extend a p p m r i a a ~  1.3 inches fkxm the pode  

tubea into the gas stream at a location appmdmtely 15 i z d n ~ ~  

d o m -  of tho CO*. 

M e  lou -tuma 

The h e  

BM gas at the TIC lacation coai2 be at a 

reduced tapeature for t w o  reasom, 1) im&pmmt m-ta;puatpre 

-the hwd S l F m  Spkr Pot wrirsd dth the CorC 

fhu, and 2) heat transferred to the 15-iech leagth of n o d e  rsll 

vhich the pri-ral PAGW follows. Calculations have been perfblad 

Wch ahou + A t  these effects plus thermal radiation fra the T/C to 

the norale d d  ac:& for the 10- terperatums ob8etred. 

E. Ei&RwerE6dlds,Reflectar 

In this section the shield, lafledor a d  lateral 

sappcrt spta themal a d  bydradic test results at s t e  state 

CoaiitiODs are plweakd and cc4lared to CakUlated lralnea. 'Ibe 

predicted value@ of reflector q s t e m  temperatures and 

did not give a c-m for several reastim: 

1) operatirg coniitiom were rmt as planued; 2) nozr2e tube heat pickup 

lab hi@w than calculated, therefore, mflector Met d t i o n a  uere 



c o r p i d e  different fra tbme given by the pmtest calculationu; 

3) the support rise taperattuw were 10- than had beeE expect-&. 

Theue support a taperattuw af'fect the gap si- of the inner- 

outer reflector amulus undv pncr operating caadition. I h I s  gap 

s b a  in tprn ha8 arajw influeace on the rsflector orardl 

pes8ure drop a d  flow- ion. 

In d e r  to obtain a usem evaluation of the 

-id d e l  ujcd for the reflector q s t a  -ia and the calculation 

-&, CalCUlatiOIkS O f  reflector 8- -tm8 slrf 

uere perf- ard c- t o  teat values. Besults of these 

ctmgarisarm arc gimn in tm section. 
coolant temperatures a i d  preumres arui material temperat- at the 

-.it powr hold at CRT 14085 seconds (1096 1y t h d  porrar) a r 3  

presented in more detai l .  

hold,the mxisumd reactor flow Fates given in TaoLe 4.1-5 and the 

i: sured reflector inlet tapcratuFes axI preemres uere &. Based 

on the t& rtasuraoents of the reflector pressure distribution a d  

terpsmtures at Foll power, tbe ianszwntter reflector rvamlun mas 

recalculated t o  be 0.092" a8 c- t o  the pretest d u e  of 0.1OP. 

This smaller gap armulua clearance was wed in the reflector syatam 

analytical podel for the post-teat calcuhtiorrs. In addition, some 

minor changes in f low ispedaxes of several flow channels in the  

reflector -tam wem incorporated into the ra-2ector amlyticd rodel. 

In particular, camperiaorm of 

For these calculatioas at the ateady-state 

4-14? 
At- * 



Ikwe chrnpss were made becauae dditionai ca.ponent test data became 

arailable a d  them mere sapebsld#ue chnrrpas rince the e a t  

calculatiam umro perf-. 

In ddikion to the cqm-imxm of fluid -turea 

and prasmres the total reflector -em huat p5ckup u a ~  calculated 

a d  calculated fluid -raturea and pmasures at the highest 

ia the average of 7 tbezmxouple -. The i.eflector axit  plermm 

tapwattma of 233% i. the a- of 5 therrpccruple -zxtm. 

'hn inlet .ad cmtlet plsanpeasuma are each anaverage of trrr, pamure 
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Sta t ion  8 T-401 = 5CO"R 
T (CALI - 4 M " R  

Sta t ion  32 T-403 550'R F T (CAL) - 51,5"R 

I 
I 
j 

Sta t ion  32 T-407 L- 6W0R 
T (GAL)- 6 l O O R  

14easurement 
Charnels 

T (CAL) -: f+60°R 
Station 32 T-US - &OR 

T (CALI 6iwa 



stfonucleaf 

The post-.est calculation a t  the highest power hold 

uas performed by using the campter code MCAP-TOSS.* The calculation 

used the test r r f lector  i d e t  temperature of 136"R, inlet pressure 

752 pia and flow rate of 35.6 lb/sec. The other parameter spec i f i a  

in the calculation was the t o t a l  power pickup of the reflector systan 

whish was determined by energy balance between ref1ec;tor i n l e t  and the 

firat pass shield extt (shield (Lome end plenum). 

for t h e  various materials are t h e  ones reported in Reactor Analysis 

h e  pomr shapes 

Data Book (WANG'RlE-840) in the Radiation and Shielding Section for  

NRX-U, The t o t a l  power pickup i n  the reflector is discussed la ter .  

Figure 4.1-20 shows the major flow passages in the 

outer: and inner reflcL&ors= 

the exit A~IIPID, pressure vessel annulus, sector cool ing holes and 

The fki id  temperatures and pressures at 

coatrol drum cooling passage3 agree reasonably well. In  the inner 

reflector cooling passage, the exit fluid temperature thermocoqiLe 

was located between two open holes which jn turn crert: between t w o  

plugged holes as shown i n  Figure 4.1-22, 

oniy the local coolan: temperature. 

cooling hole8 wers plugged i n  t h e  NBx-A2 reactor f o r  rressure 

of Zhe seal  chamber pressure, 

"ha measurement indicated 

Fifteen of tbe 144 inner reflector 

xmlminents 

In the ps t - t e s t  calculation t h e  M e r  

refl-ectop malyt ical  heat conduction model includes some plugged and 

tome open holes, These holes are arranged i n  thr: same relative positions 

',:-A. Y. Lee, A Program f o r  Steady State F lu id  Flow and Heat Conduction CouDled 
Calculations of Heat Generatinp Solids Cooled by Parallel Channels - Using 
::CAP and TOSS Codes, 1.JAKL-TPE-867, October, 1964. ., 



a8 in the  W - A 2  so t ha t  the  effect  of the plugged holes on the  c o o h ~ t  

exit temperature in the  vicini ty  of the  plugges holes can be studied. 

The ?alculated exit temp-ature is 320"R as compared t o  the measured 

value of 400OR. 

coolant temperature a t  t he  holes near t o  the Clugged ones. 

calculated nominal ref lector  coolant exit temperature is 2S0R as shown 

in the figure. 

T.-8 shows tha t  t he  plugged hole does increase the 

! h e  

Figure 4.1-21 shows the  f lu id  temperatures sd 

pressures a t  the  shield and core support plate region of the  c o o l a ~ c  

flow. 

pia ,  the  presaare drop through the first, pass of the  shield was 

calculated t o  be 8.0 psi, giving a d m  pleaum pressure of 7G5 p ia .  

This ccenpare?~ with the  measured VaLCe of 707 psia. 

across the  second pass ef the  shield and the  screen was calculated 

t o  be seven psi and the  pressure drop acros3 t h e  s u p p r t  plate w a s  

calculated t o  be 0.5 psi. 

pressure of 698 psis t o  the nearest pi. 

measured value of 701 psia. 

and pressure drop  throughout the  ref lector  system. 

Using the  calculated ref lector  out le t  plenum pressure of "l.3 

Thp pressure drop 

These give a calculated core inlet 

This compares Kjth the  

Table 4.1-ll s7mmriees the yressures 



COMPAPISCN OF EXPERIMENTAL ANU CALCULATED PRESSURES 
AND DIFFERENTIAL PRESSURES IN THE REFLECTOR SYSTEM 

Refiectcr and Shield System at CRT \W5 

P (Reilector Inlet)* 

f' (Reflectcr Exit) 

? (Dome End Shield) 

P (Core Inlet) 

P (FV AnnrriLs-Dome End) 

AP (Outer Reflector) 

5 3  (Inner Reflector) 

Measured 

752 Psia 

71 1.3 Psia 

707 Psi0 

701 Psia 

748 Psia 

70.7 Psi 

38 ?si 

Calcblated 

752 Psi0 

713 Psia 

705 Ria 

698 Psia 

750 Psia 

39 Psi 

35 Psi 

AP (Shield) 15 Ri 

*For post csiculation of reflector and shield fluid systems, the mcowred values of the 
conditions at the reflector inlet were used. 



The caqnrisons of the calculated and m u r e d  shield 

and core supyrt  &ate PateridL teqeratures are alsc shmm in Figure 4.1-21. 

The calculated done erd shield aaterial teape.rature cf 223OB was based oil 

the dopr, plenum taparature of 2l6OR; t h i s  confirre the d o e  plemta fluid 

temperature reas- t e l l .  

2l6OR and the h ? d  heat generation rates of the shield arai -&e 

lhhg this dome plenm -atwe of 

suppcrt plate as shown in the  figure, the calculated core inlet 

teqeratcre is 226=R as ccqmmzd to the w u r e d  value of 245Oii. 

Frcm the ccqmrison of the support $ate calcalated ard 

2. m1eCtor svstepl Fever caslarw - on at Various pouer 
Holds - 
Table 4.1-l2 show a suaary of t!!e power @eked 

up in the reflector system calculated the l v d r o ~  f l u w  rate and 

the temperatu-e rise ac-roas the reflectm 4 first pass of the shield. 



CALCULATED REFLECTOR M A T I N G  RATES FROM AH !-ND FLCW 
R A E  AND COMPARi5ON TO NUCLEAR WATING RATES 

teattor Power 

Power of Reflector System plus 
first porr of shie!d frcm test 
(C3lculo:ed by energy tdmce 
between refiector inlet ond first 
pass shield exit). 

Estimated power &posited in 
first puss shieid 

Pmer oi reflcctor system frm :a t  

EP iV POWER HOLD 
CONTROL ROOM TIME 

13790 13900 1398!5 14085 Avcrogc 
574 94? 1038 10% -- 

13.6 22.0 26.9 22.7 -- 

0.3 0.5 0.5 G.5 -- 

13.3 21.5 m.4 22.2 -- 
19.3 -- Power of reflector system 

tising calculated heating 
mtes (Ref: TME-84C) 

Seflectw system power (test)/reoctcx power 2.32% 2.29% 1.97% 2.03% 2- 15% 

ileflector system power (caljjreactor power 1.76% 1.7606 1.76% 1.76% 1.76% 

(L76 x Rew-rof Power) 

Refkctar sptem power (-t)/lrcflcctw 
system power (col) 

CQUWWUUl 
4&€6mK - A  

c 

.,nee?r 

1.15% 1.236 

. -c 
6.L- . 



of these curves a- as expected. "he tqxra ture  level oc~urreci 
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pi(Ftn L.1-25 8hm the yuprd c a l t r d  ud 

control vane tapmaturea at she bigheat povar bold, CST 4085. krcl\d.d 

in this 

vic id t r  of the thsrrwK.xrupla. X b  culcuhted d u m  agme well 

U t h  the ma8ma.t V&ltles. m tarpradre cliff- t lm cumtrol 

cimm at station 8 d t h  the drrr opexat- at au average tapera turo  

are the e a l c u l ~ t x d  local mdal taperaturea at the 

8- abovt 226OR t o  bO 42%; the carprabla rdpe 

calculated to be 37"R. 

Table 4.1-13 tskilatee the DuLmwd contml clmm 

a d  contrpl vane t v r a t u r e ! a  at  the four powr holds and the calculated 

dues at the highest power hold. 

inWr reflector raterial at the three power holds, CFtT 1379, 13900, and 

-5, are shorn i n  Pigure 4.1-26. 

the t h e m o u s e  locations is shown in Figure 4.1-22. 

T - U ,  T-407, T-415 are located between tuo open and plugeed holes 

&6reas T-401 and T-403 are near one plugged hole. 

of the plugged holes taken into consideration i n  the post-test analysis, 

the calculated mabrial temperature at the vicinity of the thermocouples 

at the highest power hold, CBT &385, are aho-an in the  figures. 

upper curve in PigUFe 4.1-26 is the calculated teaperatme at the 

location between two plugged hole8 and the lcuer curve near one 

plugged hole. 

me -tal tempem' of the 

A sketch of the hm?r reflector and 

"he thermocouples 

With the effect 

The 

T t  is seen ir. Pigure 4.1-22 that the maximum deviation 
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NRX-A2 EP IV 

CONTROL DRUM AND CONTROL VANE TEMPERATURES 

CONTROL DRUM TEMPERATURES 

Drum 
No. Statim Tampcmtwes at Specified Control Room Time 

13790 13900 13985 14085 Calculated 
High Power 

2 8.0 I z o  159 1 78 188 213 
2 8.0 151 206 223 235 248 

10 32.0 1 03 150 168 173 178 
10 32.0 I NOPER AT I VE 

CONTROL VANE TEMPERATURES 

Drum 
No. Statim Temperatures at Specified Control Room Time 

13790 13900 13985 14085 Calculated 
High Power 

2 8 240 315 320 338 356 
10 32 230 282 305 3 15 380 



betmen the calcuiated aad meamred value8 i r  f.O*B. A t  core a t i o n  32 

and at the saae radial location, h t  a w  fha hale, the 

average aateria? temperature ua8 calclrlatsd t o  b~ 110% lower 

tempraturv m e ~ s d  bet- two fi@ heleu. 

-re 4.1-2? rhorm the tin8 tram of the 

reflector v , t e r l d l  temperature measured by thermocouple T-. 

thrn the 

inner 

15. It 

b SWXI that a€ mateed tsPlpamtUXW =&bled t 0  f i88 the P0-r 

holdb. 

tsaperatwe b c m s  is believed t o  reatilt frcm the decrease i n  material 

thermal coaductiv-ik~ due t o  irradiation ?amage. The values of t;rernrel 

coaiuctivity used i n  these calculations are those on anifiadiated 

graphite, n& impregnated W. Rperimertal data on 'chemal conductivity 

of H4Ul and in particular, the effect  of !rradiation on Hlln t h e  

conductivity, are not available at this time. belidnary investigation 

shows that a 7% decrease (linear) i n  the inner reflector material 

thermal conductivity over the same paid of time as the thi rd power 

hold ( E O  seconds) resulted in an increase in the material temperature 

with similar s l o p  as shown by the trace of T-4l5. 

Figure 4.1-27 indicates the calculated inner reflector average 

temperature a t  core station 32 cansidering the '7% decrease in the& 

conduc+,ivity during the U O  seconds due t o  irradiation effect. 

A 3 W i r  result wa.8 a l r o  o b a A  in Kiwi B-43 testa. This 

The dash line in 
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5. Ia te rd  SUDDOA System 

The lateral support system f lu id  flow path, f l u id  

temperature and pressure and nraiierial t mperatures during the  high 

power hold, CEtT 14085, are shcwn in Fi@r8% 4.1-28 and 29. 

Figure 4.1-28, C u r v e  A is the precticted f i l l e r  s t r i p  temperature at the 

filler s t r ippgro - t i l e  h t e r f a c e  a t  points a seds at fu l l  power. 

The axial average f i l l e r  s t r i p  temperature alcng this interface is 

between these two curves, The the& capsule m e a s u r e m e n t s  a t  the  

three f i l l e r  s t r i p  pgro-tile interface iocations are shown on the  figu;.s 

f o r  comparison A t  core s ta t ion  19.2" (on sea l )  the  t h t m a l  CL~BU;: 

indicated a temperature of 245O0R as compa~ed t o  the predicted value 

of 2300°R. 

irrclicating a temperature of t h e  material above 2678OR which was the  

highest melting temperatura of the  capsule wires installed i n  the NEE-A2 

f i l l e r  strips. 

by thermocouples at iocations betweec seals. 

ins ta l la t ion  is shorn at  1) and the  de t a i l  of %he ins ta l la t ion  is also 

shown i n  the figure. 

the predicted temperature (Curre C). 

temperature measurenents w i t h  the  predicted inner ref lector  naterial 

temperature a t  t!;e surface of the  s e d  chamber between sea1.s (Curve E), 

it is evident t ba t  'kc thermocouples were Eeasurirg much closer t o  t h s  

inner ref lector  -wall temperature than t o  t i e  f lu id  bulk temperature. 

In 

A t  the other two core s ta t ions the  thei-mal capsules fused, 

The coolant tempersture i n  the  seal system was measured 

A typical thermocouy'?e 

Tine measured f lu id  temperature is much lower than 

If one compares the f lu id  

4 1-87 v t E S m - - , w  
Atomic Energy Act - *m 
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Superimpmed UF. the same figure in the p p r  relation to the d& 

ficw prol‘ile are the IyBx-A1 and NRX-A2 P-I.3 second IH, test reactor 
2 

flow ra%es, 

during the st.&up uas verp similar t o  that uhich was eqsc ted .  

flow lag was analyzed in d e t a i l  for IRX-A2.* 

Phs3e results show that the actual reactor flou rate 

The 

The dotted curves on piatre 4.1-31 are the power 

d d  ramp and planned nozzle chamber temperature ramp m e  the a c t a  

powr and chamber temprature ramp are given by the solid curves. It 

can be seen that the power was higher than pmgrameai during the early 

stage of the sfartup (CRT 13?00 to 13720) and :he nozzle & d e r  

* =-A2 Plow Laq, KANLTHE-1017, October 26, 1964. 
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4.1-32 Core Material T a p e r a t u r e a  and 'Pie €&xi Exit 
T a p e r a t u m  

4.1-7 Reflector Inlet snd Outlet Temperatures 

4.1-34 Bsflector Inlet ami Wlut Ressurs ami Reflector P 

* An noted abops, the ZTR mas rem ~ ' ~ C U I  the begirrniae of startup. A l l  
TWT maul- for the pmchill period (to tim 13693) are frap the 
pratest prsdictiacs . 

4 1-96 A 
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3. Core Startu~ Period 

Pigure 4.i-32 shorn a caapariSm of m%sared ami Tiff 

post-test calcdated select& core material temperaturea of the core 

Fegicn during the startup period (CRT 13693 to CBT 13713). 'Ibis 

com@cicn shows that the cor= temperature distribution dpriae the 

transient is mry closely reproduced by the TNT code. 

calculated temperatures are s l ight ls  IOU as 8teady-8tate ia approached, 

possibv because the 

€Io-, the 

d e l  wed for cdculatioas did not account for 

the beat Lrterchange between the tie rod unfueled 

elemnts. '?his is plwently bekg investigated nith BII mdel. 

and the fael 

F i g u r e  4.1-33 is a camparison of me;+rmred a d  T!ilT 

post-test calculated values of core inlet pressure and core premmre 

drop. 

agree very well with those calculate4 duFing this startup period. 

The measured d u e s  of core pressure drop and core inlet preesurs 

4. Reflector - Startup 

The a b + -  temperatare variation at the reflector 

inlet., reflector outlet, dolpe end plenum, and core inlet at the end of 

prechill (CRT 13693) were given in Figures 4.1-3 and 4.1-4. 

figures show a similar geometric temperaure variation in a l l  plenum 

with a & h u m  in the Vicinity of the nozele feed line (0 = Do 

location), and in sane cases an indication of a leases temperature 

dcpressioi, apposite the feed line (Q = 30"). 

These 

The f l o w  rate and sgatem 

CONFIDWML 4 1-97 KlESTrRKFfD fm4V4 
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e 1 

pssures began t o  increise rapidly a t  CRT 13709 and short ly  thereaf ter  

t h e  temperature aspmetry was gone. 

asynmetry during the ea-ly stages of s tar tup i s  evident. 

No adverse e f fec t  of this temperature 

In F igure  4.1-35 the t w o  extreme f l u i d  T/C indications 

a t  the ref lector  inlet  plenum are shown Kith the pressure at  the  same 

location. 

variations when the ref lector  inlet  pressure is less than c r i t i c a l  

pressure and when it exceeds c r i t i c a l  pressure. 

azlrcuthd temperature variation has beer, dras t ica l ly  reduced. 

core inlet the  asymmetry persisted for a longer time, however, it 

disa?pared on the ramp t o  the f i r& power hold. 

tha t  the asymmetry was still in evidence at CRT 13720 but not at CRT 

13790, auring the  power hold, 

within the 2 er ror  l i m i t .  The azimuthal temperature variation is 

probably associated with two phase f low i n  the nozzle, but the  times 

at which it reduces dras t ica l ly  cannot be directly correlated with 

exceeding hydrogen c r i t i c a l  pressure, and as noted above, the asymmetry 

persists at  the core i n l e t  f o r  10 t o  15 seconds longer than a t  the 

ref lector  inlet, 

cause no adverse effsct  durirg the s ta r tup  and are not evident during 

t h e  steady holds. 

inlet and ref lector  out le t  f h i d  temperatures during the precki.l.l and 

star tup were given i n  Figure 4.1-7 and show excellent agreement. 

i n  the upper part of the figure is the  a a t h a l  temperature 

It is nuLed that t.he 

A t  the  

Figure 4.1-36 shows 

A t  this time the measured values are all 

T t  is concluded therefore t h a t  t h e  t h e m 1  asymmetries 

The TNT calculated and t e s t  values of re f lec tor  

4 1-99 
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R C A  

me lower c u m  of pigure 4.1-34 is a C- or 
ca lc-da td  (T?R p t - n m  wTLth test yuer d f l c w  schedule bp,~%) ami 

-rPfdd d u e s  ae reflector inlet and exit  jmssam. Whg the 

pmchill and startup, calculated d u e s  are w5W. the 2 6 limit of t h e  

mamred d u e s .  ht the start of the first potrer hold (Cm 13743) the 
calculated d u e 8  sm? about 10 pel beiov this 2 4 limit . 

fhe upper cume i n  Figure 6.1-34 is a c- 

of the d c u l a t e d  and measured pressure drops, 

the calculated d u e s  are M o w  the  Ireasweci lg abod 8 psid. 

semral masons for this; firet, the flow annulus between the 

outer reflector has been calculated using measured t v r a t u z z  and 

pressure canditioM % t h e  reactor during the po- m. 

shewed the WUB width t o  be an a v e r s  of 0.092', campared d t h  the 

value of Oc,'.38" used for the TRT &el. 

in the t o t a l  flow impedance of the reflector system. 

percezit of t o t a l  re=ctor power aeasuu.ed in the reflector w o n  uas 

15% higher thn that used for post-test l%T calculations, 

i n  mflector power results in increased ..essure drop acrcss the 

reflector systew~. 

tmperature have been incoqmrated into the post-test reflector steae- 

state model, and the post-cest values calculated a t  the high p= hold 

(CRT 14085) give an outer reflector pressui- drop which is 0.3 paid 

lower than the nmuurd d u e  and io v4u within the 2 6  liplit of 

1.8 p i d  for thia mea8ureumnt. 

b seen on the figure 

'Ihers are 

ani 

A reevaluation 

This represents an increase 

S e c o w ,  the 

This increase 

These two it- aod the  meamred reflector inlet 
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itre small  spikes in reflector pl.ssuure and presaure 

drop, ahom on €'%gum 4.1-36 ocmrrbg at about CBT 13648 i s  rost m e b  

h e  t o  the cl08- of byp88 valve AW-ll, d t i a g  in a 

a d  increase in flow at thi8 tire, 

surge 

'Ihs uppar ard huer material temperature traces 

for both the inner reflector a d  the control dmm a m  ah- in Pieury 1.1-37, 

The inner reflector chUh at a faater rate than the coxitmi drclr, 

h-, d u r i q  a power IPP these tqxtrature8 run Ixighar than the 

coatrol d m m  and thsnfare during tha -up thsse t-turea 

cross and rise above the control drm terperatarss, 

Figuret 4.1-38 8how selected raterial tcqeratures 

of the mter reflector during the p e 4 1 K U  arid startup. T&e temperatures 

contiwe to drcp wen after the startnp has been init iated,  Station 45 

T/C reaches its - d u e  at CRT 13716 and then begins to rise. 

Station 32 and 8 be- fbrther dowstream reach their m i x b u m  ralues at 

the later t i n u s  of CET 13725 and CRT i3729 reapectimly, 
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B. Shutdown 

A t  the capletion of EF-IV, t!ie progr- were 

tuitched tx retreat, 

secands later a r;aEual flcu ah\itdom and po-wer sc- zlcre iuit iatal  

due t o  appaxwit loss of deuar pre3a;ut. 

retreat with *&e nstzle c W r  temperature d e r e a s a  at 5 o o ~ 8 e c  

until nozzle cfLacber teqerature had been reduced to 2200°B, then to 

initiate a f iou stil'lboun and pouer scram. 

that the scrari w a d  re5ult in a maxham .made chauber teppratnre JecreAso 

of i3SCf,'sec. 

tsaperat- h i  decreased anly abaat 350°E fma the 

aid was coaseguently mn severe than +be planed shutiiorar. 

Power and fl-ou be= t o  decrease and nine 

The planned shtdoun -as to 

Caicalatiom id icated 

%e e r g e n c g  scram xcurreci whm nozzie chamber 

of 3815"R 

X c a m o n  of the planned and test mode -&amber 

teaperat'- fGr t k  ShuMom h t C &  iS &e h 4.1-39. % 

mximm m a d e  chamber teqerature decrease rate )RW 350°B/scc 

with 135"B/sec planmi. Although the nozzle chaswer - theanxouple 

ua8 not giviq the mixed peari w e d e  chamber teqereture, its rate 

of change is the beat available iadicetion af the Fsctuction i n  

chamber terperatare. 

tm-e greater than sOcB/8ec preceediq the scram. 

fYcn a Lsg in the response of the reactor power to  the depaod and the 

problem with the statior. 32 tberarocoafles I&& were indicating low. 

This is illustrated by comparison of the shutdown derpands t o  the measured 

variables h figure L1-&!2. 

Initial cbmber temperature decrease rate8 

This change resulted 

The bottom curve cf this figure shows that 
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flow responded wll t o  demand flow. The middle curve8 show that temperature 

d d  had resulted in the  maximum -155 power trim and had no contml effect 

for the shutdown. 

a six second delay i n  response of the pouer t o  the power demand. 

The top CUCR of this fi.@me indicates t h a t  there was 

When 

the power did respond t o  the demaxxi them was a sudden decrease of over 

100 1Iw just  as the flow had began t o  aecrease resulting in a cooldown 

rate in ercess of %"R/sec. If the f lou  shutdown had not occurred, the 

norile chamber temperatun, decrease rate uould have approached 50°R/sec 

83 the mtreat contimed. 

Tie rod exit  gas temperat. b peak at 1200"R, the exact 

l i m i t  f o r  a transient during E€'-IV. Tie rod tirs-temperature traces uere 

given in Figure 4.1-19. 

shutdom UM 150OR. 

"he a c b b m  core M e t  temprature during the 

klbient ch was introduced into the feedline upstream 2 
of the ziidng ~hmbrr -  when the reactor s c r d .  

uaa t o  be iaz-&ce? z.: about 50% of the LH2 preaaure which edsted j u s t  

Thia gaaeoua bsdrogen 

prior t o  the sci-ai. 

t he re  were sane os,illations a8 the GH forced the 200 pounds of Ui2 out 

oi the system p i e  a d  &cing chamber. 

As indicated by the reactor flow rate in 4.1-41, 

2 
T'hese oscillations were evident 

in the noazle inlet pressurc 2 3 0 ,  as shown in the figure. 

Inrsidately followin& the reactor bhutdom, s ixhen 

statim 45 mzterial tempraturea icdicated a rise in tanpera ta re  and 

four of these thewocouylea failed. ¶'his effect is treated in Section 4.5. 



u 

VI a 
I 

800 

700 

600 

500 

400 

300 

200 

stfonuclesr 

14090 14 100 141 10 14120 14130 14140 

CONTROL ROOM TIME - SEC 

120 

100 

n 
30 

6 
3 
s r 

50 

10 

?O 

Atomic ;".l)rwr+ 4.1-111 



4*1.6 EP-IV Cooldoun 

-. rLgures 4.1-42 and 4.1-43 present the best available information on 

flow rates uid coolant usage during cooldown. 

analysis is designated as control roQm time (CRT') U09 seconds and corresponds 

Time zero for the cooldown 

t o  the  time 02 i-eactor scram. The RV-41 FTessure control loop was activated 

simultar-eousi? with reactor scram. 

the approximate 290 l b  of LH2 t h a t  is  stored i n  the piping system and mixing 

chanber during operation. 

sec was maintained w i t i l l 2 5  seconds a f te r  scram. 

core temperature was well below UOO% and therefore ambient nitrogen cooling 

was initiated at a flow of a p p r o - a t e l y  30 lb/sec. 

nitrogen flaw was manually controlled between appro-tekv 30 and 5 lb/sec. 

Pulse cooling wit.h approximately 5 ib/rec of ambient nitrogen was ini t ia ted 

at about 1 hour after scram. Pulses were initiated by one of the following 

tenyeratwe limitations: 900% core station 8, 850 R inner reflector, and 

850% support plate. 

by 150% before the first ambient nitrogen pulse was initiated. 

About ll seconds were requid t o  exhaust 

Continuous ambient GH2 cooling between 20 and 6 lb/  

A t  this time, the xmximum 

The continuous ambient 

0 

The core station 8 temperature exceeded the 900% l i m i t  

The puFpooe 

of core station 6 temperature U t  was t o  U t  the or i f ice  adhesive tempera- 

ture, 

l20O0R, however without gamna radiation effects. 

'he orif ice  adhesive has been successfully tested under irradiation at 

I n  addition, the or i f icc  was 

undoubtedly at a lower temperature than core station 8. Thus, the orifice 

adhesive was probably not damaged during cooldown. 

seconds (3.6 hours),2W0R GN2 at about 5 Lb/sec was used for  pulse cooling, 

During this period an excessive amount of coolant was used because a faulty 

After approximately 13,000 

At 
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core support p l a t e  thermocouple gave readings higher than t.he operating l i m i t .  

As a result, t h e  core  was cooled i n e f f i c i e n t l y  t o  a p p r o h a t e l ?  :.c?CoR. Pulse 

coolir,g was ended at 32 hours af ter  scram. 

The t o t a l  quantities of a i l  f lI; ids  used during cooldown ?.re shown 

on F'gare &.I-43. 

rates and coolarit s a g e  for constant cham'aer tezperatures betweer! 8 C C  R ani 

400°E. The following description'r appl ies  t o  t h e  calculated dz ta  on these  

two figures: "The predicted (ca lcu la ted)  vaiuas shown are f o r  an in tegra ted  

power 3 x l P 5  Pki'-sec and a peak power of 1~2% The r eac t a r  decay p o x -  was 

computed by t h e  rt;ay-T.Jigner f i s s i o n  product decay m o d 2  and a sumnation of six 

delayed neutron poups t o  obtain the delayed n e u t r m  power decay. "his roclel 

has been v e r i f i e d  by using da ta  obtained following t h e  completion of KI'dI B-4D 

aqd E-4E tests." 

ind ica t e  t h e  approximate coolant exit  conditions t h a t  zxis ted during cooldown. 

Figures L1-U and 4.1-43 a l s o  show ca lcu la ted  coolant flok- 
0 

Calculated flow rates and coolant usage a r e  only shm.2 t o  

Kore de ta i led  ana lys i s  was not deemed necessary i n  v i e w  of t h e  unce r t a in t i e s  

of %he ava i lab le  cooldown data. 

gas requirements is  given i n  Table 401-15. To evaluate  t h e  e f f k i e n c y  cf cooldown, 

A comparison of K X I  B-U and I!RX-AZ cooldown 

t h e  average exit  gas temperature f o r  a l l  gases used durbg t h e  cooldown has 

been calculated and i s  given i n  t h e  t ab le ,  These absolute  temperatures or. 

a r e l a t i v e  basis are a good indica t ion  of t he  e f f ic iency  of t h e  cooldowns. 

The cooldown was not  compared d i r e c t l y  with t h e  pre- tes t  predic- 

t i o n s  pr imari ly  because t h e  power p r o f i l e  was d i f f e ren t  than t h e  one used f o r  

t h e  predict ions and t h e  coolant usage ar;d cont ro l  was considerably d i f f e ren t  

5; NRX-A2 S i t e  Test Regort ,  NTO-R-Oa08, Novembe-,. 20, 1964, CRD 
-----I-- -- 

& cxMdHeww 



POW Integrated Power - HU sec 

Tat& w2 used - lb 

Total G?iz used - lb 

Total 293 N2 Used - lb 

Cooldcmn The - hra 

A m a g e  Exit  Tenperatwe 
of Gaa Used - OR 

AT 

8 

815 935 

425 468 

459 

1% 



-*- e& 



10 

1.0 

s 
I 

U 

?i 
5 
t 
U < 
Y a 

0.1 

-0 1 



70 

60 

53 

40 

30 

20 

10 

0 
2 4 4 8 10 17 14 16 

FLOW - LB/SEC 

A @ d d w R w ~ - -  - 4.1-119 



%xiback reactivitr c1;1'pcs. These 3ixita (UT extmmea conservative since the 

3 - T  test uaa the f'irst attempt t o  operate in the lou p e r  rzgioo. 

ample, the t i e  rod exit t-atua m t a t i m  for a o d  transients 2s LXC'Z, 

while the t o t a l  available shddoua reartivitr asslpinB a 90' cmtrol drcm 

For ex- 

position is approximately %W-. 

achieved d&ng the W-V test. are sqerhpsed on the performance aap. 

additicn, test r e d t s  are us& t o  shouthe approxisite locstion of lines that 

represeot 73&3 t i e  rod temperature, -$L@ reactivity feedback, a?d + SC.43 

rurctivitg feedback. 

position start-hg fram the conclusion of the pre-chill is 8hawn on figure 

4.1-45. 

are indicated on Figure L.146. 

The collstmt power and flow point3 that wece 

f3 

The t h e  variation of F r ,  -flow, and control drum bank 

The canstant puar and f l o w  points th&, were achieved during the t d s t  

In general, the transient3 riUring the FP-7 

test were v e q  slow conpared to n o m  startup and shutdown owration. The 

-.tire test from start of pre-ckill to reactor scram required approximately 

25 riinutes. 



. . .  +;;:: .., . -  ........... ........... ........... ...... , ... ........... ! ' , .  

7- . .  .... 
..:.;::::. 

...... .... I . .  ... .;;:,:...... .".., ... L - : . . .  .. 



Xsh s:eady s:ate rasctor coniitiocs. Fobit  I WLS required t o  circumt-er,'l the 

poir t  fo r  the cocstzr.t poxer test. U 5 e b . g  froz point 2, ;?ezcQ- s ta te  

highest apparect t i e  ro5 t a q e r a t c r e  that  was observcd during the test. Anal?- 

sis of the test r e s d t s  indicates tha t  this observed +.ie xwi thermocouple was 

i~ zrror, a-.d t.hat :.he act;a; t i e  rod temperatwe +cis on* approxhztely 7 2 ~ ;  n -I -& 

-. a t  p o h t  4 .  :ne fixed cont-rol d m  t es t  i d s  Lxfitiafed froc. point 4 with L . 5  

L, -a/ s..c flow, 37.7 bT;; power, and - X . < 5  experimefital react ivi ty  feedback. 

Starting frcm poizt 4,  t he  flow - a s  gradual* increased t o  13.4 lb/sec (&- 

mum flax with 1 i . C  psia Test Cell - .'t dewar pressure) and maintained u n t i l  

The best estimate of t terraai  pokxr, and average verJturi flow are specified. 
These vzlues s h m l d  correspond exactly with Figure 
4.1-45. Figure 4.1-46 shows L i n e a r  Lo. 2 (measured) m - m w  hkich is about % greater thar, calculated t h e m 1  

L.. 1-:22 

power. 
At- * --*?99P 



stable reactor operation at 56.7 &-% (point 7)  was achieved. From point 7, 

the  flow ims SioWiJ- decreased t o  5.2 lb/sec wit3 a corresponding power de- 

crease to 22.9 X i  (pokt €31. 

scram, discoxA2xxation of liqiic hydrogm flow, ana i n i t i a t ion  of approxi- 

riatelr 5 3 / s e c  of ambieEt hydrogen) yas used to c a q l e t e  the  test. 

Free point €! an autaiat ic  shtdown (Isetctor 

'=he arsLTsis of the 24' test are divided into two parts; one, 

the  l o w  power steady s t a t e  operatbig conditions m.d two, reactor operation 

with fixed control ciruxzs. :'he most significant reactor conditions are corn- 

pared with '32 calculatioris c s h g  +he pre-test .TKT reactor model and caicu- 

la t ion procedure. 

3. Steatv State  Gperat- Conditions 

1. 

A major objective of the  EP-'J test was t o  obtam steady  

state data L. the low power-low fiou operating region. 

t o  deteroine the low power operating map. 

Such data i s  required 

Seven steae state points were 

achieved d w i n g  the SP-'v' t es t .  These stead,y s a t e  points are -ked 2-5 on 

variation of power, fiuw, and control drum position. ';hemal performance 

O a t 2  for these sever. steaw s t a t e  points ar,d one intermediate hold during the  

s t&t~p i s  tabulated in Table 4.1-16. %is section w i l l  cover the detennina- 

t ion  t h e d  pwer =.a the s iqif icant  reactor performance condi+,ions at 

these seven l o w  power holds, 

The thennal power caiculation was based on points 2-6. 

These points are cnarticterized by coristant nuclear power (Linear No. 2 measure- 

ment). Calculated nozzle chamber temperature and average venturi flow were 

4 1-123 
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Atomic Enetay Act -- 
used t o  determine the thermal power. 

measured nozzle chamber pressure and average venturi flow was used t o  calcu- 

l a t e  the  nozzle chamber tanperatme. The calculated nozzle chamber tanpera- 

t u r e  was used i n  place of the measured temperature due t o  the inaccuracy of 

these thewocoLpies at the relatively low temperatures that occuITe(i during 

ZF'-V. 

flow rz te  tines the coolant enthaipy ciifferencebetueennozzle cbmber and 

reflector inlet plenum. Tbis method his not used for  EP-V since the reflector 

inlet enthalpy could ro t  be deteimined acc1xrateI.y because two-phase conditiofis 

exLs+,ed and the inaccuracies of plexim temperature measurements near l i qu id  

hydmger? tenperatures. 

which gives chamber temperature as a function of the power t o  flow r a t io  was 

csed. 

betweer 7 arc U lb/sec, and chsber  temperatures between 800 and 2 C d k .  

Xith  tilis curve, t he  flow t o  power ra t io  was found as a fmction of chamber 

temperature for points 2-6. 

plying the powr t o  flow r a t io  times the average venturi flow rate. 

accuracy of tEis methcd is only affected by the accuracy with which the TNT 

code predicts the nozzie heat pickup. 

the;? operaidng conditions is less than 3% of ihe  t o t a l  reactor coolant 

enthalpy rise (nozzle torus t o  nozzle cnamber). 

a 5L5 error in calculating the nozzle hea t  pickup results i n  only a 1.5% 

error i n  determining t o t a l  reactor power. 

culated thermal power equal t o  37.7 1-3 is approxinately 8% lower than the 

The choked nozzle flow equation using 

"hemal pcuers i'or the  EF-E testweredetermined by muitipQing the 

Therefore, a curve based on 'Ih"p prediction calculatiocs 

This curve which is appro-telr lhear  was calculated for flow ra tes  

The ther ra l  power was tken calculated by multi- 

The 

The predicted nozzle heat pickup at  

Therefore with this method, 

For points 2-6, the average cal- 



measwed nuclear power (Linear KO. 2) of 4C.6 !!X. 

points 7 a d  8 Was 6etennined by aultipl=ing t h e  measured nuclear power t h e s  

C.?2 which i s  the  r a t i o  of calculated ?.hemal t o  measured nuclear power for 

The thermal power for 

p b t s  2-6. 

operated i~ t h e  r a g e  of 2i.3 t o  52.6 B € i  power and 5.2 t o  13.5 lb/sec f l o w  

awing the  E?-F test. 

Based. on thelaal  power and average venturi flow, the reactor  

I conservative reactor  operating M t a t i o r ,  before the  

f;Elx-;22 t e s t  yas a ni?inun core iriiet temperature equal t o  9C% 

of this U t a t i o n  MS t o  assure completely gaseous hydrogen at the  care inlet. 

It wss f e l t  t ha t  t he  high dens i t ies  associated with l iqu id  ar two-phase hydro- 

The p r p o s ~  

gen could produce exctssive ad/or  unstable p x i t i v e  r eac t iv i ty  feedback which 

i n  tm, c o d d  p--oduce puer osc i l l a t ions  o r  an uncontrollable power i rxrease.  

3fiis concern proved t o  be unfowded bp t h e  r e s u l t s  of t h e  EP-V t e s t .  

t h e  t e s t ,  t he  reactor operated sta5ly a t  two dis t i r lc t  steady s t a t e  holds 

>x-ing 

(points 3 and 6 ? ,  wi%h two-phase hydrogen conditions at che core i n l e t .  The 

plenum temperature neasurment s were inaccurate a t  two-phase hydrogen teL?pera- 

tures, and only the  existence of two-phase conditions could be estsblished. 

The two-phase tmperz tur?s  t h a t  are shown i n  Table 4.1-:6 are based on the  

rreasured presswes.  Stable  reactor  operation with two-phase hydroger. at t h e  

core i n l e t  cay be infer red  s ince no power osc i l la t ions  or other signs of in- 

s t a b i l i t y  occurred. 

ope ra t im  were accompanied by nearly proportional chankes i n  control drum 

Change i n  r eac t iv i ty  feedtack during constant power 

position. F igu re  4.1-46 shows tha t  a smooth inward ro ta t ion  of the  contrcl  

drums occurred during the  t r ans i t i on  from point 2 (single-phase at core i n l e t )  

t o  point 3 (two-phase core i n l e t  conditions). "his proves t h a t  f o r  thc. t e s t  

C- 
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coriditior.s tine t r a n s i t i o n  frm sirigle-phase t o  two-phase does not  cause a 

sQdderi o r  a b n p t  chm-ge i n  r e a c t i v i t y  feedback. 

ZP-?' resulzs ,  t h e  core inlet temperature l imi t a t ion  of 9L4! can be elimhbted 

and replaced by a more general  pos i t i ve  reactivity c r i t e r i o n  which i s  oeasured 

5y a change i n  cont ro l  dnn pos i t ion  from t h e  cold cr i t ica l  positiofi. 

wi11 sirztlif:- m.6 increase  t h e  area o f  t h e  r eac to r  operat ing rcgior! s inpe 

only one lower l imi t a t ion  (reactivity feedback) is requlked. 

Therefore, ori t h e  b a s i s  of 

"bis 

The t i e  rod exit  gas temperature Limitation form the  -pper 

bour.daq of t h e  lvd power operating mp.  

l oca t e  acccsately t h e  t i e  rod l in i t , a t ion  line. 

exit gas tezperaturec (average of  7-755 and T-765 measurenents' rvlged 'oetxeez 

345 and F3C?. 

thar t h e  cthzr txo  during part ef t he  t e s t .  

T-765 ~2.m cor.sis',ezt readicgs Lurirg t h e  t es t  with a cl i f fereme te twePt  read- 

ings of less thar, 5"'3. 

For t k i s  reason, it is 5nportar.t t o  

Table 4.1-16 shoks t h a t  t i e  rod 

'ie rod thernocoople ?-7& gave unexplainabiy higher readinss  

T i e  rod thermocouples ?-755 m 5  

On t h e  o ther  haid, at CR? l390G seconds 'I-?& read 

4?Q0ii higher than T-765, ana at 19775 seconds T-762 read higher bx oa ly  X 0 R .  

This ucexplzined and abnormi  behavior m y  '-.-tve Seen caused by t h e  T-76C t he rm-  

couple contacting t h e  hot te i  r.olyMenun cone durirg part of the  t e s t  as ?is- 

cussed i n  Section 4.3. For t h i s  reason T-760 readings wereneglected, a?d t h e  

averaje  of T-755 and T-765 i s  shown i n  Table 4.1-16. Point 4 vas t h e  planned 

point cjn t h e  l.'CCoEz t i e  rod e x i t  gas temperature l i n e  (see t h e  low power per- 

f omance m ~ p ,  Figure 4.1-45 ) ; however, by neglect ing t h e  T-7& o.easurement t h e  

t i e  r A  temperature a t  point  4 was only 730°R. 

temperature of 830 19 1 ;cv:red a t  point 8. 

The maximum t i e  rod e x i t  gas 
0 

The 55% di f fe rence  i n  t i e  rod tem- 

perztures  between polr.ts 2 and 5 which have near ly  i d e n t i c a l  power and f low - 
L.1-127 
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ray be due t o  t ra rs ien t  ef--ects (either point may not be a t  completely steady 

s ta te ) .  

rod curve i s  approximately correct and thus a considerable operating region 

exist-a between consemti-re t i e  rod (1000%) and conservative out arbitrary 

react ivi ty  feedback (+$i. WJ L i m i t -  '-.' ions. 

To s~mmarize, the test r e x l t s  h d i c a t e  tha t  the  predicted 1 C d R  t i e  

The calculated steady state nozzle chamber temperatures 
0 using the nozzle compatibility equation ranged Letween 800 and I270 R. 

are considerably higher than t h e  average of three nozzie chamber temperature 

measurements. This effect i s  ident ical  t o  EP-IV results.  Some of the core 

statior. tmperatures appea;. higher than would be expected with t h e  correspond- 

ing nczzle charher temperatures. 

of these thermocouples at re la t ively low temperatures and inaccuracies i n  data 

reduction. 

behavior. 

under investigation. I n  general, mas% pressure and temperature instruments 

were operating at  t h e  low end of t h e i r  srqle, and therefore, are subje2t to 

substantial  uncertainty. 

These 

This effect may be due t o  the inaccuracies 

.The pressure ..raps are re1a;ively low and show no unexpected 

"he question of temperature aspmetr ies  ir, the ?lenums i s  s t i l l  

2. -9lermal and F u F l o w  - Comparison with Tl!T Calculations 

Tkis section covers the canparison betweer, test resu l t s  and 

TNT predictions. The tcrbulated c m a r i s o n  of themal performance at three 

steady s;ate points i s  shown on Table 4.1-17 and a graphical capar'.son of 

selected p 3 r f o m c e  conchtion8 is i l lus t ra ted  on the low power performance 

map, Figure 4.1-45. 

used f o r  all YET comparison calculations. Except for the  chamber pressure and 

The p:re-test reactor model axd cc lcda t ion  procedure was 
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EP-V LOW POWER MAPPING TEST COMPARISOt4 BETWEEN 
T N T  PREDICTIONS AND TEST DATA 

Pant w i  on 
CRT Test Time 

Power, 96 of 11 20 M W  
F l w ,  Ib/sec 

Nozzle Torus: 
Pressure, psi0 
Temperature, OR 

Reflector Inlet: 
Pressure, psi0 
Temperoture, OR 

Quo li ty 

Core Inlet: 
Pressrrre, p i a  
Temperature, OR 
Quality 

Nozzle Chclmber: 
Pressure, psi0 
Mixed Temperature, R 
Tie R d  Exit Temperature 

0 

Pressure Drops: (psi) 
Nozzle tube 
Reflector 
Care 

Core Material Temperatures: 
Station 8 in. 
Stotion 20 in. 
Station 32 in. 
Station 45 in. 

Reactivity Feedback - $ 

3 

19050 

INT Test 

3.37 
13.47 

63 
40 

58 
47 
L17 

55 
46.5 
1.47 

46 
770 
255 

4.7 
2.3 
9.4 

360 
468 
674 
808 

+O .88 

64 
38 

(50 
47 -- 

58 
47 -- 

44.7 
800 
345 

4 
1.5 
1 1  .o 

339 
577 
768 
91 5 

a . 4 3  

- 4 

19295 
~ ~~ 

T M  Test 

3.37 
7.82 

53 
4@ 

46 
45 
0.61 

44 
51 
1-00 

35 
1345 
607 

6 -6 
1 -6 
8.8 

463 
745 
1 I24 
1374 

-0.37 

58 
40 

49 
93 
I .  

44 

152 
1 

34.2 
1270 
730 

9 
3 -0 
12.0 

443 
1022 
1430 
1627 

-0.59 

7 

! 9525 

7 i d l  ,est 

C.7 
13.42 

76 
41 

70 
49 
0.31 

66 
48 
0.75 

!i4 
1086 
349 

6.1 
2.0 
11.5 

442 
640 
940 

1 30 

to.37 

53 
38 

76 
49 -- 

73 
59 
1 

58 
1 230 
.w 

7.3 
2.5 
15.0 

41 1 
74'. 
993 
1428 

-0.05 





parss~ unti.2 tho negative ef,Cect of t-ture a+gain cance-ia the positive 
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4.2 FUEL AFlD OTHER =RIAL BEXAVZOR 

L.2.1 Ceneral 

This report s-izes W 4 2  fie1 clement evaluation studies t o  

date. 

tloa, strength -s a d  special pmperty tea ts ,  

correlatiai of observatiaas uith d o c h a i d  data hawe not besn made. 

formal report on a l l  aspects of rUrJ elaent program on hm42 w i l l  be 

Aspects of these studies are incaplete including metallographic m- 

In addition, 

A 

issued at iater date. 

Ca-,=.ally, the material behavior was a3 expected based on out 

of reactor corrosion tests and ELT uperierce. 

uas demor-stratec? as adqwte for the cadi t ion5 of the E X 4 2  test. 

This behavior, therefore, 

The most serious comsior,  problap cccurred along t h e  fue1 

element flats at  the core reriphery t o m s  the hot ep.~ of tSe core. '32s 

corrosion was the result of hydrogen iezking between fi l ler  strips and gyro- 

tiles a12 contacting fuel  a t  elevated temperatures. In  the singular elmefit 

which had hW cor.ting on peripkeral flats, corrosLon of this nature uas 

largely i r a b i t e d .  

NRX-A3 core. 

It was decides, therefore, t o  coat the p e r i p h e ~  bf t he  

In addition, the periphery will be kept caolar by increased 

flosr of coolant usirii orificing. 

The post-operatioaal cxap~na tions of h X 4 2  fuel elements 

at IW=%~-> we10 conduct& i n  two operational phases: 

v .. t.- is described in deta3.l in the N W 4 2  Post-Operative Report. 
-3- - Y.: . fi-cl-ldes f ac i l i t i e s  and special h a n d n g  equipment. 



1. Grass v i s u l  tsminatian, waighing, and whole bady ionization 

m e a t  on a l l  the elae5ts in the core. 

2. special a r r r l t i g s w  Qn p t e s t  and post-test selected 

el-ts including detailed v i m a l  inspections, dkansiaaal 

m a s ,  depth of corrosion reasl;zl-asats, inemmental 

electrical resistance I-s, axial  secticmiq for 

chanuef -nation, inertmental 

transverse sectioning. 

scan and incremental 

The results o t  these operations a m  slpsarid in the f o l l o w i  

amas of interest: 

I. Surface Corrosion 

I-T. BoreCorrosion 

111. Weight Changes 

F- ~ i O n a l C h a I l g e s  

V. Electrical Resistance Changes 

VI. Special Element &tbv-!or 

V I I .  Deposits 

Throughout Section 4.2 typical photographs and results are  given. 

a more detailed treatment, reference should be made t o  the NRX42 %el 

Evaluation R e p o r t  and supplementary reports. The iwt portion of this 

sectior. d d s  wtth the non-fuel reactor materials. 

For 



&. 2.2 Surface Cormsion 

A l l  of the  fuel elesren+s ir! the NRX-A2 core (1525) were examined 

visually at the upper disatsembiy bay, in the  R-MD building. 

(78) e l m t s  were given a detail-td surface ex idra t ion  e t  higher magnification 

in the lower hot cells. A s  a result of these examinations, four categories 

of surface corrosion could be distinguished: 

perj-pheral e laent  ourfaces associated with hJllrogen leakage frua the  ppro- 

tile jcdnts (hereafter referred to as t i l e  pattern corrosion), (3) Associated 

with hydrogen leakage hvrr themcouple instal la t ions (hereafter referred t o  

as T/C associated corrosion), and (4) L i g h t  streaks and/or sooting on flats 

between coolant channel positions. 

involving s i e f i c a n t  carbon loss appeared t o  t?2 associated with t i l e  

patterns and thenaocoupie installations. 

sior. in the cor2 elements is discussed in t h e  following paragraphs: 

Seventy-eight 

(1) A t  t h e  coated ends, (2) On 

The heaviest surface coorosion effects  

The distribution of surface corm- 

A, hRY-AZ Elements Xith L i m i t e d  Surface Corrosion 

kMle most of the M - A 2  elapaerts had c o m s i o r  at t h e  

coated ends (13 were identified as having no ond corrosion) there were 270 

elements i n  the core Wtich had no surface corrosion from the  dme end t o  

the uqdercut, A b=ikdom of fhese latter elements by sector is  as fdlows: 

k .  2-3 



Sector 

1 

2 

3 

4 

5 

6 

Hrrmbar Wishout Corrosion 

91 

40 

4c 

27 

39 

33 

Be ?%le Pattern Corrosion 

The peripheral elements i n  ?RX-A2 displaped surface 

corrosion patterns on exterior flats which indicateu m g e n  leakage at t h e  

-tile joints. 

starting at Station 23 with each bank separated d a l l y  appFadaately 3 

inches apart as shown in Fir,ure 4.2-1. Thr upstream edge of these bands 

uas generally sharp with cornsion spreading i n  a downstream fashion. 

However, at Stations 26 and beyond, comsior, appeared t o  spread at the 

apex edgzs both in an upstream as well as a donna%rscra direction. 

This corrosion occurred i n  10 dis t inct  transverse bands 

Of the 156 peripheral eluaents i n  the NRX-A2 core, 153 

had t i l e  pattern corrosion on exterior flats. 

(1J6K and 5WJ) had only l ight corrosion strJaks with no evidence of t i l e  

effects. The reason fo r  the lack of corrosion on these latter two i s  not 

known. One peripheral elamnt (6J8D) had an NM: coating on the extericr 

f l a t s  uhich effectively inhibited tile pattern corrosion -3 shown in 

F i g u r e  4.2-2. 

Two periphercll. e l a e n t s  

P!owcver, there was ddence  that the NbC coating at 







Stations 26, 33, a.;l jl did not completely inhi3it t i l e  pattern cwrosion. 

The thicknhss of the exterior cvating on this e l m e  is being det*muncd 

b;n rnetclloc -sphic px ~cudwes. 

There t e r e  17 peripheral eleaneatr i n  NRX-A2 i n  which t.ile 

pattorn corrosion pFoc-.csd f i e r  exposure. The t o t a l  axial -ange cf liner 

exposure occurrence is from Station 40 t o  51. 

produced by ti- j pattern corrosion i s  shown i n  Figure 4.2-3. Of the  17 

perfpher21 elements which hac! liner exposwe, 6 were in sec+,or 3, 4 i n  

sector 5,  3 In sector 3, 2 3.n sector 6, and 1 each 'n sector 2 and 4 

indicating that appmdmately 35% of the l b e r  expsure caused by t i l e  

pattern corrosion occurred in sicto? 3. 

A nhctograph of Uner expwmre 

C. Thermocouple Associated Corrosivg 

Thermocouples were installed in tne central unfueled ele- 

aents of several c i w t t r s  at  various axial and radial  positions, me e x a m i n a s -  

tions of the fuel  elements indicated that surface corrosion band> occurred 

f i c h  could be trcced t o  leakage o? nycrogen from various thermocouple 

installztions. A breakdown of the associated corrosion by axial thenno 

couple stations was za fCiows: 

No. of Instal i i t ions Shonlqq Fuel Eluaerit 
Station & No of TIC'S C orro sics 

8 5 Nc ne 

20 5 2 

12 13 12 

45 27 13 
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not ?ii=ys ~. thuow , s a e  beirii icterrqted in the xrial 53r+ction. X. 

typicai v i e  is shara in Pcgpn C.2-5. X*;hOygh *&e CQCt mxhaiix -= 
for the phcaawrv is not imou~, it is beiieved to t- the d t  of * z  

corrosfaa by interstithi b;ldrogcn at or abon? S t a t i m  25 dth subsequent 

soot deposition m the hatter dmmtxwm portions of the eiaart surface. 

ResuXs indicate that the major 0ccurrax-e of streakbig i s  at the axhl 

s t a t i o n  of U, to 33 uith rem Xttie tba.rge i~ these locatians as a 

fundiai of con radius. 

E. Ebd Co-rasion 

Corrosion was not& or: the hot ends of most of the 

fuel e l m s  i . ~  hm42 0cCr;rring a', the e x i t  face, the end fiats and as 

a corrosion banti at the shedder .CM of the undercut. 5. general, the 

corrosion tffect on the exit face and end ruts involved liner -+sure 

of va.qziing icngth d a tapering of the hot cnd cf the c h m m t r .  

comsior. Can6 at the  shoulder a p c - ~ ~ &  in 

of the cormsion at the extraae hot end, i . e . ,  there we= several e;-ects 

d t h  right corrosion at t h e  exit face ami tCge of t h e  enb fiats which hcid 

heavy corrosion bands as shorn in Figures 4.2-6 arsd 4.2-7. 

The 

cases to 'ce independent 

The end corrosion on h X 4 2  fuel elacmts was rated with 

rcspect to  the  end flats, the  odt face and the  presence or absence of 

corrosion bands according t o  the following conventions: 

4.2-11 









1. Exit Face 

Perfect So corrosion 

Typical Corrosion at edge of d l  
outer channels uith a FAE 
( b u r g  a m i  r-j of 
appmxmately 7oX. 

S t t o r  Than Typical 'hght  corrosion at apex 
-8s uith lOO%~MF.-70%. 

iiorae Than Typical Corrorion involving 1y)m than 
outer chamsls with a %? C 7W. 

2. End Flat8 ( A l l  designations may or may not have 
corrosion bard, =.E.) 

Perfect :lo corrosion on end flats 

Typical L'orros.'. 3n : I n v ~ l v i . ~  atout 1/1, inch 
of flats fran extreme hot end 
x i t h  :her exposure ranging 
0 - l / b  inch fraP hot end. 

3etter T l a n  Typical Corrosion m v o l v h g  les8 t h a n  
1 / L  '-rich of fiats from hot end 
with llner expoemre only at 
extreme hct ends at  em. 

norse Than Typical Corrosion invoiving E w e  than 
i/t inch of f lats  from h3 t  and 
with  lrner expoeue > 1/4 inch 
frcrm hot end. 

F-hoiographs of :;?l-A2 elaments <liustr%ting end effects x e  s h w n  in 

Figures 4.2-8 throup L.2-12. A ccmparisoF of  t h e  condition of the coated 

ends before and aft+ 7 the m d 2  test for irite:?lal c n d  pcri9eral 

element zre s h o w  in Figures 4.2-13 and L . 2 - U .  

















02 the care fuel elezmts,  them uere 13 w i t h  no 

corrosian on the end flats, 17 w i t h  no carrosian on the exit faces, a.ud 

13 with na corrosion at  either position. 

or light end cormsian had been Fecoated at O X Z .  

&ne (9) of those E&- c3 

The recaat-ed elezxats 

are discussed in jectiOn G.2-7. 

To evaluate the ihaerved end carmsion as a -c'uactian of 

the -test tpTdrpgen corrosian ratings, (an 

a "CD rating) 1525 &el elacnts wem aLLalyzed - d i n g  to ths cam5itLa.s 

of t he  &t faces using t h e  conpentions describ9d ~ r M y .  

d i s t rh f i i an  of exit face carm9ian by cnd rat ing was ss few: 

rating l d x i g  hettar than 

' Ibs 

U 5 6  Elesants uith "A" €%xi Fat- Analyzed 

There bare a. 232 (20.U) vith Better - rsrpical F h i t  Face 

b. 6U (55.5%) uith  Typical Exit Faces 

c0 282 (24.68) rlth w o r m  Than Tppical mt Facb 
369 Elezlants with C* End Fiat*- Anala ed 

mere vare a. 

b. 

c. 

66 (23.Z) d t h  Battar Than Typical E k L t  Face 

l42 (36.55) w i t h  Typical E x i t  Face 

1w ( 3 6 . a )  d t h  Karse "&an Typical Edt Face 

These data indicate that t t e  end wrroaian an the  exit face of th? O A U  rated 

elQents y29 s-t less uevart3 than 0'11 the "C" rated alfnLQb. A 

survey of the  end corrosFon in M o n s  1 and 3 

radius hdicated that the and effecte do not vary a- from the 

center of the core to the paripbary. 

a f\mction of caw 
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disconnected flat; dl others w r e  axposed only or. one flat or at an a m .  

There were 51 separate occurencea of b a r  exposure in the W elenmmts with 

M, hCh68 !io. of Occursaces 

1 38 

1 5 

2 6 

3 1 

4 2 

5 1 

2 l  1 

The Uner e- -cb noted m 3C2C, 3 C Z ,  1J9B, a&, a d  

5FkF cannot be associated str- -+ with surface cormsion effects and are 

apparently due to bore csrrosion efhcts. These ekr-.ts 3re 

discussed in the section on spacial djlpsat behanor. 

L.2.3 &e Cormaim (Ph8holi.w. Ch8nn.l Examim ti-) 

A complete evehation of *he subject of bore corrosion in 

In general, l i gh t  bore corrosion effect8 wrly producat ia tho d a e n t s  ab 

i remit of the m - A 2  test .  .4 oal iuto  of tha effects 

p r o d u C d  Can be mad8 on tho br8ir of visual obSe7V8tiaar Of p-10 

o c c u r m ~ : ~  ard the ch~nn.1 rr.rinaticnr on axlaw s p l i t  fuol e l r m t o .  



A. F'inhole Occurrence 

Fifty-eight (58) Nilxd2 fuel elements developed pinholes. 

Forty-four (WC) of these ehsents  w e r e  rated at 'IAA (or UC)* and fourteen 

(a) as I C C  (or IC:) by Q d t y  Control hydmgen cornsion testing. 

fifty-eight (56) elements, th i r ty  ( 3 C )  had only one pinhole. 

nmber of pinholes were developed i n  e l a e n t s  Ira coating batch C94 (ICC). 

'Ihe predcminant &ai occurrence of pinholes uas at stations 25 - 3 C  and 

45 - 5 ;  inches. 

of an e l a e n t  is shown in F i g u r e  42-15. 

O f  the 

The greatest 

.I photograph of typical pinholes obs5rved on the surface 

B. Channel i: - - ations 
m r c y  ( 3 ~ )  fuel elements frar NBx42 ere  sectioned 

axially t'nrough channels 8, 9, lG, 1l arid 12 and given detailed Visual 

examimtions. 

pirho'les on the surface; t h e  most heavily pinholed eleacnt being 4E4E frmt 

coafirq .ketch C94. 

Five ( 5 )  d these elaents had visual indica+,icns of 

Fourteen (11) of the elements exadned had no 

Gbservabh? chamel corrosion; the rest showed sfme evidence of M t e d  liner 

f l u &  light Liner mdercutting and corrosion pocketing. 

corrosion pocketing co'iditions which produced pinholes axe photographs 

of the charaels of dement 

Typical of the 

given in Figure 4.2-16. In genera, the 

ava i lab le  data indicate that bore corrosion occurred preddnant ly  at 

-The rating IAA indicates an "A" channel and end, IAC indicates an l'&rt 

cham& and 'r,rf end, etc. 

CONWYfNW . A!? 
RESTRICTED DATA 4.2-26 
Atomic gn-v Act 19S4 







R C  

Stations 2G - 50. 

occurred previously at positions of h%C lir.er defects, i.e., xiall chipped 

areas ran- frtm irregLar t o  circCLar i n  shape. 

the  hot end of the  elarent did not appear t o  be di f fe ren t  ir. cha:-acter 

from that at the  mid ler?qtb position. The mber of elmer?ts examined 

was insufficiu?t t o  indiczte the  radial distribution oi 'sore corrosion 

in the  core. 

It was coted in several cases that cox-osioc pocketing 

.?'he defect areas at, 

4.2.4 i;eij#-it Chmvzes i n  W-A2 he1  Elcpents  

A l l  of the put1 elements i n  hFb.X-A2 were weighed after t he  

test bp mean: of an autacatic balanr: in cel l  5 of R-l-%D. 

i n  these results made it difficult  t o  intwpret true weight changes. 

Therefore, 34C. elements were reweighed w v  by m e a m  of an Bkttler K-7 

b l a m e .  Based on the reweigh data, the  gross average ueigbt loss of 

the  e1cpent.s with a E: rating ZRLS 1.C grams and of elements with a IC 

rating was 1.2 grams. 

which had no significant surfacs corrosion but Varping end corrosion )sa3 

about 1.C - -C.3 gram9 at  the center of the core and in the  elQtents i n  

periphery cluster (but not peripheral elements 1. 

of elcaants uhich had tils pattern corrosim was 4.3 grass. 

thsrsocouple associated corrosion l o s t  L.6 grams, and those Kith 

pinholes 1 .5  grams, 

Inconsistacies 

The narinal weight loss in ELY-A2 fuel thments 

-,e i varage weight locra 

Those with 

L. 2-23 



An estinrate of t he  t o t a l  weight l o s s  in the  hiR;i-A2 fuel elements 

can be made assuming the re  are 153 elements with t i l e  pattern, 48 with T/C 

associated cwrosion, 43 elements that were uniquely pinhaled but with no 

significant surface corrosion, and 1382 elements with a nominal weight 

loss, 

elaaeslts due t o  t h e  reactor test is aboct 175 grams. 

01. this assumption, the est-ted t o t a l  weight loss in t h e  NRX-A2 

The fuel elenents in batch C-94 were notable in being prone 

to plnholing a d  bore corrosion. 

batch which were reweighed, with an average weight loss of 1.9 grams. 

ionsiaering t h a t  none had significart surface corrosion but end corrosion 

(leL gram weight l o s s )  there  appears t o  be about a C.9 gram m i g n t  l o s s  

i n  elements of this bbtch due t o  bore covosion effects.  

There are eleven (11) eleaents f m  this 

X cwparison of t he  weight loss data on I-C rated elements 

bs a function of pre-test hydrogen corrosion test  results was made. 

significame, t he  weight loss from reactor t e s t ed  I-C elcments which had 

no significant suyface corrosion o r  bore effects was about half that 

observed on a batch basis during t h e  hydrogen corrosion test. 

tes t  data was obtained f o r  t e s t ing  at 5 minutes ( a t  maximum surface 

taqmrature ?f l i 3 1 C 0 R )  and t he  NRX-A2 test  time at  teatperatwe uas of 

the  order of 3 minutes. 

Of 

The p r o  

C 
R L.2-3C 
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4.2.5 Dimensional C h w e  in hTX-.A2 Fcel Elements 

Post-test across flats measurements Yere performed on 34 pre- 

test measured hW-A2 fuel elanents a t  four d a l  stations.  kasuremerrts 

were performed f o r  t h e  three pairs of flats a t  each station. 

each s ta t ion ,  the  gross average across flats change is - C . 3  mils at atation 

i, 4.6 mils at Station 24, 4.1 mils at Sta t ion  48 and -C.1 uLls at 

Station 51. 

fiats dimensions. 

Considering 

These data indicate no s ign i f i can t  change ocrzred  i n  across 

The results of length change rceasurenents on 35 EX-X2 f u e l  

e iezents  were tatA-:,d., 

t o  4 mils. 

i n  length '-3.5 r i ls  average) except for four elements (6E2C, 223Z,  4J3;;, 6;3K)# 

-fir-: c <  t t , ? S e  srA:ed 5 langtn decrease of aFpro .d t e ly  3~ m i l s  (c.c.02) 

i .+iie GIX siiowm a Ic~i&h increase of 15 r=ils (,.c,?':). The corrosion k t  

the 23dt f a x  an those showing the 3~ 19-1 decrease was not W:dsiuaily high 

=.a a l l  xert L raed elements. 

c t a g e :  a r t  dce :a tmur in mcaawements, 

ihe pre-test lexgths with o r i f i c e s  were estimated 

%sea on t h e  pre-test data, there  was no s ign i f i can t  change 

-. 

It is reasmalie t o  suapect tha t  the large 

4.2.6 kcrementd Zlee t r ica l  3 e s i s t a c e  2hanncs 

: f ? ~  electrical resistance at i inch incrments from Sta t ion  2 

t o  llms rlleat,LrCs': an t h e  ''att f l a t  of 74 fuel elements from lX,'-A2 aid the 

prof i le5  x m p r - 4  u i t h  pre- tes t  data. 

a increst in t:%%fznct at the cold end believed t o  br. due t o  radiation 

e f fec t s  jnd i g + n c r a  peaking i n  AR a t  s t a t ion  2 ( .  

In gtnzral, tho profiles indicate 

m.is peaking is 



believed t o  be an indication of corrosion effects  r e h t e d  t o  l i n e r  aefects. 

By comparison with pinhole occurrenca described in a previous section, this 

region i s  abort 5 inches upstream from the  axial location of msudmum pinhole 

o~currenc t  (see 4.293 on Bore Corrosion). 

prof i les  indicated very l i t t l e  graphitization o r  .fuel migration had 

occurred m the f u e l  element. 

resistance peaks corresponLing t o  t i l e  pattern corrosiofi bands on t h e  

surface of s e v e r d  peripheral olements which were measured. 

of pinholing was observed as an jiicreasc in resistance at the  s ta t ions 

affected although the increase was small unless several. pinholes had 

developed. 

on these effects  i f  the resistance measurements i n r e  pc-f'onned incrementally 

every 1/2 inch along the  f u e l  elenents length. 

All of the p s t - t e s t  resistance 

Additionally, the data indicated regular 

The effect  

It i s  believed tha t  considerably mcrc d e t a i l  could be .-btained 

A plot  of the A R  f o r  a typical  I C  rated element which had 

insignificant surzace corrosion is compared with tha t  of a I C  element 

tested under hydrogen corrosion conditions i n  Figure 4.2-17. 

difference between the element from the -actor and the e lec t r ica l ly  tes ted 

element is  the  s h i f t  of the AR peak i n  the  reactor element toward upstream 

stat ion by sbolit 3 - 4 inches. Both show similar changes at the  hotter 

end. The comparison indicates t h a t  the NRX-A2 element probably s a w  

mrudarum temperature comparable with those of a I-C t e s t  (4310°R surface) 

The major 
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but with as &ai temperature profi le  s a g h t l y  shift@ upstnaaa. 

no significant changes observed in the axial  position of the upstreaa AR 

peak nor in the general shape af the past-test resistance profiles as a 

ft;_r-,ctior. of core radius, 

There uerc 

A-2.7 S p x i a l  Element Behavior 

This sectioE is included t o  discuss *he behavior of special 

el-ts 'based OE pre-tesz history or OR UnusLal post-t%st observations. 

A.  O?JL (Y-1.2) Zecoats 

There were nine ( 9 )  fuel elements k the NRX42 core 

Uttic!i had their  ezds recoated at C T L .  

excellerk en0 f l a t  ami exit face conditiori. "he results of post-test 

obematians on these ei-ntS are given h Table 4.2-1. 

eiawnts 3ad no corrosion at the c a t &  

showed slight corrosion effects mostly at the shoulder area of the under- 

cut. ?tnholis were noted in three (3) of the elJamts occurring at 

Stations 3.. t o  36, ?Ithough these were associated with t f le  pattern 

corrosion. On those with t i l e  pattern, the corrosion W d  at Station 

51 #u characteristically inhibited b z t h e  prssence of intact N l S  and 

coatings. 

C h m e l  exaxinations were performed on three of these elements. 

(%& and 223H) showed sme evidence of undercutting comotion at atwt 

t h e  center of the eleaents (Station 22 t o  38) while the  t k d r d  (bJX)  

These were characterized by 

Six of tbse 

while 'le oiher three (3)  

A typical dt, face condition is shown in Figure 4.2-18. 

Two 
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tiem of the el-t indicatd that bore corrosion in this chamel had 

actual&- s tar ted  at abx', Ztatioz? 2~ and yb3 due t o  the absence of KW 

Lhier. 

varying b Stations 3i: t o  52 at the corcers aijacent t o  the iir?cr 

The neighbring e l d s  (SFG and 5 F S )  both had apex corrosion 

D. Bsi, Ejcoosure Not Associated d t h  Surface Corrositm 

your ( t i  elements ii\ l a - . i Z  ?ad &er exposure which 

could not be associa',ed bith surface corrod.on effsctJ. These cleaen5s 

ard %he expostire are &s follows: 





A x i d  Station of Occurrence Nubar of Elamts v l th  Capo sits 

i - 2i 3 

21 - 35 87 

36 - 51 9 

?be to ta l  range of d a p s i t s  an the 9'9 eienents wu fha Station 5 to 51, 

o c c u r r i q  as patches or iaola%ed spoL8 d t h  3 ~ c  CIbes of mltiple  axial 

occurrence on the saae el-t. 

haarisr w. scme of the peripheral elaerrts covering 4 camiderable a d a l  

i e r q t b .  

si5er.t is shcmn CT: r z p r t  !&.d-ig. The ident i ty  of t h e e  doposits have 

rot yet been dete&ed although it is  believed that they are scme fors  

The deposits appear to be scumthat 

.'L wotorraph of a t-rpical white deposit observed on a peripheral 
.. . 

or w a r b o = 1  cmtirrg. 

In addition to the a t e  appnring deposits, a shiny depostt 

tau noted on the  suface  of s8mra.l elaents typically in a.re6s with 

heavy surfcce corrosion a3 shown ia Mgure 4.2-2C. 

t o  be pyro-carbon deposited at fairLy high taperature. 

These deposits appear 

L. 2.9 I:on-PuzJ Aeactor iliiterials 

"his section discv3ses the past-operative condition of non- 

fuel caponer?ts of the W - A 2  reactor. 

axceptlon of dislustmbl~ observations, most of the pertimnt data r d  

It is  noted that, with the 







t o  be determined fmm huther e t i m  of .pple8, currentiy Mdrnry. 

3esdts of these exasdm . tiom vi11 be rsportad *m they have been 

C a p 1 e t . d .  

F n r  a u t a r i ~ l r  e n 6 l n a  ticupoint, obrrrntiocm of 

tho d i o u s r r b b  pmchced bfomtdorr of tm rorts: 

1. '?hey establishad which capments  wdcrwnt no 8- 

change aa a result of t h e  t a .  

They provided a duscriptloa of such changes as uere 2. 

&dent thraugb vhual examination. 

It is hportant t o  distinguish between damage incurral during disasscrbly 

and t h a t  hhich occurred during test (including cooldawn .nd the decay 

period). 

through of in te rs t  - is of secondary irportance. &I the following dis- 

cussion, daraage which w a ~  observed t o  occur during d i s a s s a b ~ ,  or which 

obviously wa of t.hat origin, is exc!.uded fmm consideration. 

prirarp concern is w i t h  test effects; dinasrably dammge - 

W g e  that occurred during the test runs d g h t  conceivably 

have redtied fran (1) inherent material inadequacy not previously 

revealed, (2) design inadequacy, (3) insufficient quality control, 

(4) improper t e s t  prxedures, or ( 5 )  same cambination of the preceding 

fsctors. 

series, the ra imum amount of engineering information i3 obtained if 

t h e  severity of the t e s t  is sufficient t o  produce damaging effects, 

within the limits of safe operation. 

It may be noted, in passing, that in a test such as the =-A2 

It is ther. important t o  establish 



insofar as poSSibl0, the nature of the -rusatlva factors for-ch lnstmce 

of damage so t b t  proper r d a l  action can be Wna. 

of the obsemea effe:ts w i l l  be attempted %ere, rkhou& it i a  recognlsed 

that in s a e  c b w s  consiacrabh rverlap occura. 

Such a c l ~ s i t i c a t i a r  

Caponants which did not shaw r i d  eoidence of pro- 

aisasderbly damage include the  folladng: 

1 
A. 

- =. 
?. 

L. 

5.  

0 ,  

7. 

8. 

9. 

i c  . 
11. 

i2. 

13 * 

u. 
15 

16 + 

17 

18. 

Hozzlt End Support P ! g  

h e  End support Ring 

fie Bolts 

Control h.\n A s s d u e s  

Core Support Ring and Bolts 

Core Band and Coupl'ngs 

b e  End S&i 

Core S u ; ~ p r t  Plate 

Spring S * J - ~ +  erri &**A% Rings 

Core  sup;^; 5 -r.rei 

Lhteral Sup;. : 3pring Lrackets and Bolts 

sirulated Shield 

Dame & Nozzle End Bearing S N t s  

Shield-to-Corr S e a l  

SpUt Tubes and h s h h g s  

Orifice jet Eushugs and Centering hshings 

Lateral Support Springs 

Cluster Preload. m d  P O 8 i t i O Z l b g  sp-8 

4.244 



19 

2c. 

a. 
2. 

23 

21. 

25 9 

26. 

27. 

28. 

29. 

3::. 

31. 

32. 

Cluster Nuts and Locking M c e s  

Instruashtation Standoffs 

F low Screen Asscrbly 

Oriflce Jets 

Outer Reflectcr Secdra 

Seal S e m t s  and itetainer S e m s  

Plunger Pine 

Filler Strip- and Blockr 

Insulating Tile (po88ibl.y occasional delamination) 

Insulating and Support Washers 

Support Cones 

Inner Reflector 

Kozzle Interface 

Tie Bod Nuts 

In addition, the  following components exhibited some surface markings or 

discoloration, but did not appear t o  be damaged: 

1. Clus te r  Plates 

2. Stainless Stee’. Liner Tubes 

2. Tie Rods 

4. Insulating and Countersunk Sleeves 

The causes of the surface markings have I.?t yet Sem sa t i s fac tor i ly  

established. I n  the l ight  of recent experience during !RX-A3 assembly, 

Atomic Energy Ac? - tfw’. 



it seems possible that chlorides evclved froa central  elements might be 

responsible. 

the  origin af these rarldngs is determiiwd, it m o t  be said tha t  they 

might not consti tute a smrce  of damage if present i n  fbture tests; there- 

fore, t he i r  rtcurrence should be prevented Lf possible. 

Measures have been taken t o  control this i n  NRX-A3. Until 

Cornpanents showing damage associated with inherent aEYerial  

properties include the following: 

-I 
A. 

2. 

3. 

Central Elements; local  corrcsion of the  center hole a t  

insulating sleeve junctions i n  most elements, varying 

from extremely l igh t  t o  mderately severe, depending 

on axial station; several instances of local  corrosion 

at the  shoulder on the  hot end Paces; two elauents 

broken. (Eost likely during disassembly). 

Orifice Adhesive; loss of elastromeric propefiies as expected 

for the radiation dose >..stained, the  change being evident 

by fracture of the adhesive along with graphite chipping 

during disassembly handling. 

Support Blocks; small areas showing material transfer 

from central  element (sticking) on same blocks, possible 

corrosion around one hole of one block a t  the  exit 

end . 



I. Insulating Cups; graphite exposure on exit face of ziome, 

without associated corrosion. 

Instrumentation Potting Compound; a l l  or part of potting 5 .  

missing from most core thermocouple s l o t s  at  Stations 20, 

32, and l+5; theraal capsule potting generally cracked 

but in place; inner reflector pott.hg unaffected. 

Coi e Thermocouples; Station 45 couples 8h3Wd embrittlemJnt 6. 

and cracking of tha external sheath (tantslum with tungatbn 

coating) below about Station 10; dome plugs were s l igh t ly  

pushed out of Station 45 thermocouple boles. 

Anomalies observd which are  not believed t o  be associated 

with materials limitations i.,iude these: 

1. 

2. 

Burnish marks on beveral axial preload springs. 

R m i s h  marks on control drum drive shaft  splines. 

3. Voids i n  t h e  cement under at leas t  one element key. 

In summary, it may be said that  the over-all picture 

presented by t h e  non-fuel materials was verg good; it should ~ l s o  be 

reiterated that further emnination must be completed before the  

possibil i ty of more subtle effects,  or incipient danage, car, be aasessed. 

Typical photographs of t h s  components mentioned i n  this sectior. are 

given i n  Sectior L.3, Data tables 03 the post-operational inspct ior?  

are given i n  the Appendix, 
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.-.? .. < : - z e  ...>-- Schtmatic of Strain Gage Trarsducera lieamring Core/ 
Reflector Cylbder Gap Changds. 



a> A 10 percent variation i n  the I;iOifulus of 

elasticity ana CoefficienL of t?~qanaion of the 

inner reflector q r h a e r  material. 



Figwe 4.3-2 Typical Signa l  Profiles 3f &ors/Reflector Cylhder Cap 
Chmge a d  Related Psremeters During ?.%-A2 5P-XV Power Run. 



b) A 2 25 p x e n t  variasion b~ the radial pressure 

d,m~ across the  inner reflector cyiinder. 

A 2 E pe,rceEt d a t i o n  in the +,aperat= 

c: the inr?er ,reflector cylinder. 

A 5 2S0B v;rriaticn ir, the core temperature, 

c) 

2) 
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- .  'I..? t e s t  resx ia ,  i n  Table 4.3-1 arxi %':ne k.;-i, 

have t een  co r rec t e i  f c r  ccz- l inear i ty  ana teqerat 'nz e f f e c t s  by r:sing 

existie- caliDr::tlor. I~LL:*-. 

zerc sh i?  (irL%), tfizt ccxl.: have occwre:! during t h z  test, therefoFe, 

t h e  test r e s x l t s  aqree c z t t e r  ~-5th c c q x t e i  vades at the  ezrlz koi.. 

time. 

pints at high teqerat -ures coul l  be cuz tc w x e r t a i n t l e s  in t h e  ?del 

e l m e n t  expansion coef f ic ien t .  

. "  IS :.-a n c t  ~ o s s i t l e  t c  cc r rec t  ICY 33 

S m e  cl' t-e a i sc repmcies  between the  c o q u t e a  curves ani reas-u~i 

.- 
i.0 ccntact  occrzrred between t h e  ccrc  ani M e r  

r e f l e c t o r  during E€'-IL' as can be seen f r x t h e  gap changes in Tabis L.3-1 

uhich were h5shin the KW[-A2 assembly c l e a r a x e  (0,226 in.) at t he  a f t  

seal. 

2. ;we Srcwth 

Ihe radial  core p c w t h  at  anjr pos i t ion  anci t k e  

is rektxi t o  the  gap change by 

- 1  

core = "cy1 - A g  
?J 

.- 
where "core - radial ccre growth (inch-s) 

'cy1 

A g 

radizl inner  r e f l e c t o r  cyl inder  growth ( i n e h s )  

= increase in gap (inches) 

* Mi& Calibrat ion for !.K<-A2, 1;ANL-"lZ-672, July 2, 1964. 
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The core groxths  Z G ~  each cf t h e  four hold periods 

were e s t k a t e d  usiw equaticn (11, the  ZaI: changes ir? Table 4.3-1, 

and the  calculated inner  ref lector  cyl inaer  displaceoents. 

cyl inder  displacenerxs r ~ i ? r e  ca lculated Fcr t h e  pressure an3 therroal 

enviroments  expcrienced & t he  inner  r e f l e c t o r  during E€'-IV. Tine 

calculated cj-l inder dlsplacements m.5 t h e  reslfiting esticated core 

growths f o r  t h e  four  hcld per icas  in t h e  EP-IV tes t  r u n  are l i s t e d  i n  

Table G.3-2. 

'i%ese 

%e ca lcu la ted  core grow+& at each of t he  four  

hold periods have been corrptea using th?  c o x  t e q o r a k r e s  ne&sured 

durin;; theEF-IV t e s t  run and t h e  noriinaf coef f ic fen t  of e x p s i o n  

or" t h e  f u e l  e l e m n t  rziterial. These calculakcd groh-Lhs have been 

,r;Lotted h Figure 4.3-5 ifhich also shc-.rs (for cor.-pa.rison) t h e  

c i r c m f e r e n t i a l l y  averagea values o_' CCPC growth e s t k a t e d  froni t h e  

s t r a i n  gage r e s u l t s  (Tab12 4.3-2). This c o q a r i s o n  ShoiE clciser 

agreemenz at the  first hold period t h a t  at  the last f o r  t h e  sm.e 

reasons discussed i n  previous sub-section on t h e  r a d i a l  gaF change. 

3 .  Sore Centering 

I n  p r io r  ana ly t i ca l  invest igat ions,  t h e  core and 

inner  r e f l e c t o r  cyl inder  have been assumed t o  be ini t ia l ly  concentric,  

and t o  remain so during reactclr cperation. 

u t i l i z i n g  thz  gay change data,  t o  evaluate t h i s  assuription. 

An attempt b > s  been nade, 

It should 
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be a m = i z e d  that the gap changes are due to  the disphcerrents cf 

both the core ani inner reflector tylhder. 

that azy be present in thr; gap data could be iiue to u z s v t r i c d  radial 

dxqdac=nt-- G€ tke inner reflector c,vlinder a d o r  ihe core grouths. 

It 1s not possible to ca$cteIy resolve this question with the pxeent 

trans& I t  is apparent f rm Table 4.3-2 that the expected 

(c&cdztodi)  ref: -2tcr c y l d e r  radial fisplacements are much W e r  

thm the cc: x ~ d  it uculd be reasonable to ass- that much 

of any as,vr;lrie,ly p e s e n t  is c!ue to the core displacements. 

AZ a restilt, ,symetq 

s-ysteffi. 

Usv ,  a least squares nethod* aad the gap data 

frm Table 4.3-2 a kst fit  of an expaTded core has -been appXed to 

the ccre stations that were monitored for gap changes (19,800, ,?l,OSS, 

ami 4?,330;, and tne re~ults are shcm in Table 4.3-3. 

It czn  -be seen that t h e  estimzted dispiacsts of 

ihe cur? center are s d  particularly near t h e  fozwarcl end (station 19,810). 

This may be due to t\e relatively greater t i e  rod restraint t o  lateral 

mtion at the fomard end tLan at stations 31.0% and 47.930. 

a l s o  appears tr> be a tendency for the 

quaarm: (180°< 0 < 2 7 G o ) ,  Ihe core displacements 

siiown in Table 4.3-3 for statior, 31.0% include the corc crwtlis 

based on the strain gage data r'ron Channel &4l5 (Table 4.3-2). 

There 

- to (+isplace toward the 3Fd 

'he 

G. Downs et  al, NR.42 Post-EIorten A n a l ~ s  is, WANGTME-1075, Jan-, 
1965, CRD, 

i 

T 



St-at io.on 31.05~ 
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t h e 4  calibration of gap data -?or this chlne!- i a s  questionable 

( s a  note 2., Tabf-. 4.3-2) 

1% should bo ~ - _ o h a o l z e d  that uta fraa only three ccre/qinaer 

q- be ccxztr3uti.q M t h e  asymaetq. 

gap transducu.~, Do amw,  are not sufficirmt to eskbiish 

uxqueStionably det:?er 3r ect the aspmetries S&OUR 2n Fable 4.3-3 are 

I.eai. 

&. Interactior of murrav Ph?i H o l e s  

Prior to the M U 4  reactor test, an iimstigation 

uas d e  into the effect of caqressive s tmsses  at ttte aft urd of the 

inwr reflector c y m e r  m the chaqp (reductions) in phnger pin 

motion. These restrictions rQ$t produce excessive local ccre burdlir;g 

forces tur- t h e m  expusion of the core or @.n 5- daring t h e m  

contraction. 

diazetriczl interference occux-ed, were d e t e m h d  by conrgonent 

B e  forces r e q ! !  to  mve the pins h t h e  holes, when 

%I-&- snctdown as the core cocls, mvixg radially 

czlixder, 

sed segpents, the seal s e w -  and filler strips, or r " i l l a r  strip ard 

core, F'i-=re ! ; . 3 - ~ .  

This could open up gap bet- either the pluager pins rad 

3 s  free body diagram of a fi l ler atrip, sh0-m in 

* ti'. C. Parker, F?lweer Hole Stress Ccncerrtration in Buildinn Test, 
XAXL-'R&96C, S e e d e r ,  1964. 
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F- C.3-7 Fhe of Fillu Strips &em Gap .Msts. 



The dkens'onz s;icwr in Figure 4.3-6 ar- th- wcz-st 

tolerances t-hat Li&t c c e x  at tine aTt exxi pri$.wy of the :lRX-h2 core. 

%kdatio.?s were raie fer coo~~ou_?s f-x-rc IN.$ pir-XG f l c w ,  ami 75,; 

puer-1025 flox :hzt rrei::ted th: r a - i  gaFs between the core an2 

filler s t r i p s  tc be 0.?-1 an 3.Ul bches Fes-Dectiw-ly. Sincz the 

til-. z E c k  8s is Z.,L25 inches, zhere i s  a pcssibilitg tkat 

pyrolytic tiles right be ejected -trOr the cc--e fo r  shutdcwrs 

above 765 power. 

plunger ,.ins, p?i tbsee  -r;ins hruic! ha.=e to :tick fcr 2 gap tc f o x .  

Thus the chance tkt tiles m i i d  -be ejected as a resrrlt of 

up only d w i g  a test is extrmeQ sma3.l. 

the IU3X-A2 p e r  test. 

TSS 

Kazver, since oach seal segment is loaded by three 

.hang- 

No t i les  were lost dwing 

: ;kSe no tiles tl~':-s lost in IZU-U, there was 

evidence fro& t h 2  lateral support s-pririi strain gage data t.bt on= 

of the three instraxnted plunger Fins in the seventeenth m a  

(stztim &?.'i,;O) h q - u p  for a short tim axring the sh-itdorn m i s e  

of the EP-IF pwr ru. The curves in P i  4.3-8 were re-pmiiuced 

directly frm the test tape and are  con~irmxs data fro= charmds 

.WJ6, %-m, and E-& in the aeventeznth sea l  rov. 

is an enlargec plot ~l the sase data except that linearity and 

teolperature calibraticn corrections have been ap3lied. This figure 

shows the radially inwd plunger moment f%isia.red relative t o  the 

mic&mm outward p s i f i t n  o3tained dur ing the last porn? hold of EF-IV, 

Figure k.3-9 

1 4.3-19 



- EP IV Aur. Tiab 0 Sn&knm 

% w t  -3-8 Continuops Playback of Wide Band Data from Channels 
us, 11420, and During Shutdo= Qf FFIX-AZ EP-IY. 
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From this figure (and Figure 4.3-8), it can be 

seen tha t  the pins monitored 

appmximately 6 seconds before pin l4-424 and had a c t i i  moved 

inuaxd approxjxatcly 0.045 inch. 

temperature drop of the core of 700 to ~ o E .  Note that the vertical 

line on the H-4.24 CZL- in Figure 4.3-9 correspoxxls t o  the gap i n  the 

data reproduction of channel n-4u, on Figure 4.3-8. 

F5gu-e 4.3-9 are the  core temperatures at station 32 given by 

channel T-647 an5 the radial pressure drop across +,he exit e& of the 

inner reflector, channel pP.201, 

free plungers ( W 6  and lkG!!O) shodd be moving radially inward, and 

they do. Also the 500OR core temperature drop at station 32 is in 

keeping with 'the expected 100-800aR drop mentioned abovs at the 

relatively hotter station 48, where the @mgers of picrures 4.34 

ani 4.3-9 i-xrc located. 

I446 and H-420 started moving 

'Ibis is equivalent t o  a 

Also po t t ed  i n  

Tbezte channels indicate that the 

'&e plunger pin asse&ly clearme bns ::&am 

increased in the NEiX43 reactor t o  eliminate the pcss5h2.P:>; of 

plunger pin sticking. 



B. COIY Tie tiod S t r a i m  

Tfin original plan for the  IRX-A2 test  was t o  have t*m 

strain gages located 180 degrees apart (dianetrically opposite each 

other) on each of the three t i e  rods i n  a 59 irregular peripheral 

cluster.  

second gage (on another t i e  rod) was fowd t o  be faulty during the  

test. 

gages -&ch were believed tc! be - p e r f o m .  sat isfactor i ly .  

locates the t i e  rods I n  thc c h s t e r  and inciizates t h e  corresponding s t r f i n  

gages that. irere ocerat im.  

However, one gage was d u g &  prior t o  the t e s t ,  and a 

The analysis, therefore, was based on the reraining four  

F i x r e  4.3-10 

Table 4.3-4 lists the  loads on the t ie  rods as obtainea 

fro= strain rcaJin~s an by calci la t ions foi- eacn of th? r ' cx  p e r  hold 

p r i o d s .  

data*, and t h e  calculated values are based on the assmption t h a t  t h z  

supper+, block is a r i g i d  body supported at three points ( the  t i e  rods) 

under axial core pressure dr;p 1oadi.m. 

Thc s ixain r e a d i n g  were converted t o  force using calibration 

There is a close correlation between the rcezsured and 

computed loads i n  Table 4.3-4. It can be seen that the t o t a l  measured 

load (cluster loa i )  was larger than the d i rec t  load from the core 

pressure drop. 

not available d i rec t ly  f o r  the NRX-A2 t i e  rod s t rx in  gqes. 

NRX43 t h e d  calibrations indicate that the t i e  rod strain gages 

"his m v  be due t o  thermal c d i k r a t l o n s  which were 

The 

* WANL Calibration for MIx-A2, kANLRIE-872, July 2, 1964, CRD. 



F i g U n  4.3-10 Ucation of Instrumented Tie Rods in Cluster 53, 
Sector 5, NRx-A2 Power Test. 
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w i l l  read about 10% more strain than expected due t o  direct  tension at 

cxpgenic temperatures. However, some of this increased loading,nlay 

be read and due t o  localized bundling (lock up) causing this cluster 

t o  pick up additional core pressure drop lording from adjacent clusters. 

In  addition, the periNoral t i e  rods are nominallg cooler than the  

central  rods and were apec ted  t o  carry more load in a bundled core.* 

”he ratios of individuai t i e  rod load t o  the  t o t a l  c luster  

load are  tabulated in Table 4.3-5. This table  shows t ha t  there seems 

t o  have been a redistribution of loading in the cluster  between times 

1379 and 13900. From Table 4.3-4, there also seems t o  be relat ively 

nore Dending in tie rod A init ial& at  time 13790 seconds. 

In  a l l  cases, the  recorded t i e  rod loads were well within 

the material strength, and no t i e  rod &image occurred dur- the  MlX-112 

power tes t .  

-5 C. Downs, Stress Analy sis NRX-A Cluster Tie Rod, UNL”MFP568, 
October, 1963. 

-54- 



T . C C  k.3-5 

TIE RGD W A D  DISTRIBWlON 

- IN CLIJSTER -J9* SECTOR 5 

Time 
See 1 

13790 

13900 

13985 

I4085 

Load A/Cluster h a d  h a d  J/Cluster Laad Load Q/Clwter h a d  

?mared Compsted Measured Computed Measured Computed 

.250 .3C8 -388 .3u6 .362 .326 

299 .308 -358 .346 -343 -326 

300 .3@8 .352 .366 .31p .326 

. 307 .308 .349 .366 .wc .326 

A 4.3-27 



vibration ccnsisted of the t i e  

g w s  to ;ceascz-e core =tion and J-C pressure trarrsduc~s  t c  pl;& 

'JF intemd -cress-Qre fhctxat lcrs ,  Xz additioc,  strain gages and 

and lateral suppcxrt s+n; s t r h  

accelerczeters mr~ited externd ly  OI? the pressit--. vessel available 

care?- reviw?L an' +,he easentizl features of the fhding; are 

f cI -... ?*.. , - c 

res*pxi,Lve&. 

C0Gtr';tS in theac t lbles ,  

. -  ir, .&les 4.3-6, 4.3-7, and 4.3-8 for ID'-IB, IV, and V 

figa-es 4.3-12 20 4.3-23 gra$dcdlj Uliatrate the 
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"+re 4.3-13 HI Sped Playback (40R/sec) of Unreal Signal  on 
Tie Rod Strain Gage. 

s.3-37 



s - - -  

!A 
r 5 4  

- -  
7- . - -:?e Noezie Flange Accelerometer Drift, Seconds Prior t o  

Ini t ia l  Powr Increase. 

-. 
:-’ sNozzla F’s.ge (H151) and Feedline (H101) A *celerom&ers ~ _ -  r2 

Display’ag Unreal S i g n d s  at 3rd Power Hold. 

4.3-38 
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I 

I 
I 
I 

I 

-. . ._. ,- 1 -I - -  A -  ;+.;--- Forvard plango (H261) and Nozzle (HIl1) Accelerometer 
Signals  at 3rd Power Hold. 

- _  -- 

F‘iy r e  Lb.2-l” Forward Flange (~262) and Nozzle ( H U )  Accelerometer 
Sign& at Cooldown. 

I 4.3-39 



stronuclear 

-. . - 7 - - q . v  24-e  4.3-14 Various Channel Outputs at F u l l  ?omr Scram. 

4 9 3-40 



q. - -  7 -'re 4.3-2c' Tie Rod Strain S i g n a l  Observed at S t a r t  of 2nd ,Oop;tr UDM- 

I 
I 
e 
I 
t 

I 

I 1 I I i --L_- 1- 

-. : I r j r e  ,!+.,-.?I Nozzle Flange Accelei-ometer Signal 3bsprved I?uring Lsw 
Powr Eapping of Restart Tent. 

-, cqyre . 4.,--~. 7 3')  Nozzle Flange Accelerometer Signal  Observed Durinj ION 
Powcr Mapping of Restart Test. 
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Pi.+- r1.3-2?, is a goo5 exacpie oi such a icnoun emst.  It caz be 

llncther general problem m c e  ir, t he  evalrtati3n r?f 

d.wiairic iiat:. S c w  ci thc transducers p"oduc& m x i c  signals in 

uhich it w% d i f f i c u l t  t o  differentiate betweco rad ami emneous 

iata. 3ieii scch c<~iztis - -r, i:'~rt i x i g e ?  t o  Le wreal or silspicio-:s, it 

was gsncralij fcr ih t  fcilmixz rcaons : 





C- 
R E E  

in arost cf the stat ion 45 themxouple elemen+&; and kcklixg or' t ie  

rod coolant gas the-mocouses due to differertial -ion o f  the 

atainlezs  steel c c n t r s  clcrmt l h t e r s  &ring the ZF'-V tes t  run. 

A. AlUnini k r e l  Tab Be- 

A t  clsassenb-iy 05 the  I4RX-U reactor, it we cbsemed 

had apparently interferred ~ s l l y  ki th  the ccre silppon r3-g 

4.3-24). A schersitic 0.'. the ccre support stmcture is 





CCRE 
SUPPORT 
?LATE 

. - -  I:,-;r --.>-. , Schematic of Core Support Stmcture.  



was initialiy ii5s@-ac& f o M  a,gahst the support ring, a possibility 

o l  sip?" rhg irter-terence &sfis. 

l i k e l y  k c a u e  the reactor uas inverted f o r  the test. 

d i e f i t  gas flex in t h e  inner/cuter re f lec tor  axmdus ncuki have 

31is d i s p l s c a e a t  is quite 

The pe--clpention 

alsc tended to assist gravi:y i . ~  mor& the barrel a c i d l y  toward the 

sr:pport ring. 

is initiated, the -1 xrltracts r d i  y oat0 the inner 

reflector,  "%is shrinkage results i n  a si tuat ion winere considel..atLe 

axid Zorce -mzlci be reqiiired tc mve tne  barrel axially reiative t o  

t!~e inner ,reflector. Fcr exYLple, auriw ZP-F,. it was e s t i m t e d  that 

the inner ref lector  cylinder was displaced to- t h e  Ibrwaxi erxi 

A t  the  beginning of asy test m, u h e ~  cqogeiic flou 

aFpldPr'ely 0.25 inches due p i n a r i l y  t o  ~IYSSILE vessel d a l  

contraction as it r3ached about 15G°F, 

mvement that cotit:. u r e  occurred in the NRX-Al col: f l o w  test since 

t h e  lowest F ~ S S U ~ ~  taessel tenperatw was about 350OR. 

barrel tabs were not bent in M-Al.) 

the pressuzz vessel in t he  XX-A.2 reactor would be suff ic ient  t o  

( 'h is  was considerably more 

The dunfnum 

Such an d a l  contraction of 

force the bari.el t a b  against t he  suppcrt ring, assuming the  barrel 

was displaced axially i n  the direct  

tabs wo;llci buckle Sefcre sufficient ;Ldd force de\ 

n az the power test began. 'RIP 

Jped t o  s l i p  

the barrel relative to %he -.mer t- .I 

?his condition i: ;IL~ . t -  

adverseiy affect the NRX-43 p x r  

':orT.,  w i l l  not 



9. Tie R o d  Hclder - C l u t e r  ?hi t  Disasserbls 

Sone -3i"Lficult~' w a s  encoiitered daring the  renote 

disass-dly c i  the t i e  rrx hcide-rs ami c h s t e r  nuts. 

a d  4.3-27 sh2.  an explode;? \,i-?w and tyf ical  cross-sections 

respectrvely 0: the  cluster  r?.te,?tlon hardware. It is beli:ved t h a t  

t h y  d l f f icu l tx  'xas xt a ,result c- the  rezctor envimment acd pcwer 

xun. 

may have been &Je t o  hman factors, since t h l s  renote aisassecbly 

operation is rasher a i f f icu l t .  

Figxes A.3-26 

The feu problezs encountered (about 12 out 05 289 c h s t e r  mts) 

in all b x  one of tkcse i2 cases, Z is believed 

t h a t  c l w t e r  n x  bind5-g irr the  ccre supp~;?, a t e  

&en torque was applied t o  the nut. 

partially trardtiei ' ,  to t i e  locking cup thm@ frictiortal  ccntact 

et? the socket xrencn and/or through the criops, causing it t- 

turn. 

a8 the  wrench turned, an.. i f  the leg cn the  locking c z l ~  -wedged 

Setween the cluster  rat ad sup.wrt plate, a jass.zt condition could 

result. 

t i ~ a i z i i  Kith laboratory tests conducted at k i N L  

have occurred 

This t o w e  ~ a y  have been 

If this tcrqie,  trarsdtteci t o  th-. CUP, was sufficientkv high 

It was Rot Ioseible, hoxever, t o  daplicat:, c luster  nut 

Dread c : a l i i n g  (?r seizing) apparently occ~m-ed in a t  

l e a s t  or& 1o:ation. This condi:ion resulted i n  a broken t i e  rod 

h d  kr. (A iie rcd hol \er wa3 also brcken i n  t h f  JE-KL reactor) . 
Tests conduct-d by LMIL verified that  such a failure could cnly be 
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L O a c t N G  CUf 
CRIME0 INTO 

CLUSTER NUT 

N 'UT 

?---TIE ROD NL? 

TIE R O D  HOLDER 

F U T S  

CLUSTEf! 
/PRELaAD 

SPRING 

Fig,re 4 . 3 4 6  Exploded View cf Cluster Retention Hardware, m - A 2 .  



R S A  

Lc 
vim 9-9 SECTION c-c 

SHWING LOCKING CUP 

CORE SUPPGUT RATE 

i l ~ l l l  

SINGLE TIE  ROD CLUSTER 

V l f M  A - A  

i- 1 

' ' I l l 1  1 1 1 1 1 1  I I  
DOUBLE TIE  ROD CLUSTER 

- ' iyxe L.3-2"Typical Cross Sections of Cluster Retention 
Hardware, NRX-AZ. 



prod-dcea bv to rs ion  o? th: holiers, and s d f i c i e n t  torque t o  cause 

such a f a i l u r e  i n  iRY-A2 could only  be produced by galled (or seized) 

threads transmtting wrench to-que t o  the t i e  rod holder. 

tha t  some 05 the factDr5 t h s t  

seizinzj are 

It is believed 

have contributed t o  g w  (or 

a) egh bearing pressne on the threads due t o  

tne preload t o q u e  on the  c lus te r  nuts and 

l a t e r a l  disgilacement (loading) of the  nut d e  t o  

Iol=alignment with the socket on disassembly. 

Entrapnent of fine par t ic les  tha t  w- tlave been 

in the propellant flow in the space between the 

c h s t e r  nut  an^ t i e  red holder. 

5) 

r !  Greater than neces.>ary number of turns  was 

reqnred for iiseik;.Lgc:..cnt a t  r.-v locations, 

thU3 increashg th2 potefitial f o r  lateral 

loading (disfiaceriicnt ) . 
h-other possible disasserr.bl2 rroblef, could exist if 

the clueter nut 1s not pemit ted t o  move forward a w  from the  support 

plate it  is turned for  removal. In this event, the t i e  rod hoider 

would be forced a f t  and ffiight disengage the  support plat2 at the matir.g 

flats. 

then Jpin together preventing removal of the cluster  nut. 

tolerance study iqdicated triat t h i s  coul.  not occur nominally and t h a t  

Shculd t h i s  occur', Lii\> d u s t e r  nut and t i e  rod holder would 

A dimensional 

a l l  the dinemions would have t o  combine in the extremes f o r  i t  t o  

occur a t  a l l ,  



The following design changes have been incorporated ix 

the m-X3 reactor i n  order t o  minimize potential  b i n a - g  and thread 

seizure a t  disas3mGly: 

The leg  on the  locking cup i s  shortened, and the  

foot was e 7 t e d .  

The locldng strength of the  crhps is  ;.educed by 

shortening the height of t h e  loclchg c ~ p .  

The clearance between the locking cup and the  

cluster nut is  increased. 

The external bearir-g surfaces of the cluster rut 

were flash chrome plated. 

The preio&d torque on the cluster n- 

The number of turns required f o r  disa: . .xbl,v is 

reduced by shortening the cluster nuts. 

w i l l  also eliminate the  possible par t ic le  %rq" 

and flat-t--flat disengagement mentioned above. 

1s rediiced. 

This 

4.3-53 



C. Element Dana:e* 

There were no broken elements that could be attribu+,ed 

t o  the PZ.X-A2 reactor t e s i .  The OIQ- serious elmerit dar;age discovered, 

tha t  could not be conclusively indcn+.ifie.t .kith disassembly handling, 

was transversely broken, uliueled, instrumented central  elements, 

Figurea 4.3-28 and 2.3-29. However, it cannd be def ia i te ly  inferred 

tha t  these plenents broke during the power run since %here was alnost 

no corrosion at the breaks. Figure 4.3-30 shows the location ir, the 

core cf t h e  broken elements. Ir. each case, tb.e breaks occurred at or  

near the s t a t i o n  32 thermocouple slot- 

The pottixg material was l o s t  i n  12 central  elements 

ha- such instrumentation a t  s ta t ion  32. 

permitted florr. t o  cool the element. cross scc:,i.:a loca l ly  et the  

ins tnren ted  hole by abouG 5W0R at f u l l  power and flow, Figure 4.3-31. 

This ?A% of material 

Because t h e  f u d  eic;ent is not f ree  t o  bend, there is a tens i le  

s t r e s s  around t h c  : h i l l  .It of appro-telg Z O O  pi, This 

unfueled elenent ray ds .s  de in tension due t o  the d i f fe ren t ia l  axial 

expnslsn beheen the mf3iclec element and the adjacent fueled 

elements. 

lo00 psi based on a 19% va?iaticr, in the average coefficient of 

t h e d  e x p x i o v  i n  the v d a l  direction and a 8O0R diffcrencc bctwccn 

Such additicnal Leasion as calculateax+ could easily be 

-x- This sect ion only deals with non-ccrro?ive d w e .  

+FE J, W. Swanson, Sti-ess Ar,alysis: NRX-A Unfueled Elements and 
&scellaneous Cluster Cormunds, W.NL-"ME-740, July, 1964. 

4.3-54 
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eJcpaas5on d c i  be sufficient to overcam the clearance betteen 

the themzmuple tip ani rod even if a i l  the potting were lost, 
c 

Inspection ol' radiograghs of central elements with s*tation 45 

themcoufl-s revealed severe -ding and binding betnsen the 

tankalum sheath and Gapbite eleoreEt, A p p a r e n t l y  this resulting 

l t R  4.3-59 
Atonic E- 
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rdirl b i d i n g  ma spn pmmunced near the forrrard en2 axxi forced the? 

differential ucpansion tc &:e $2- t o w i  the aft e&. 

The following d e s i m  mdifications hawe beexi acioptd. 

in m 4 3 :  

a) The slotted instnmmted centsal daaents are 

replaced by umlotted eltxents in as m i i q  places 

as possible. 
- -  b) I n a e  reza-nx 7 I; ~ l a c ~ ~ ,  the s1ctte.i elePnts  are 

rotated in the core, urd the instnomtaticn is 

Locat-ed in an uarlotted -%le sa& that t h e  position 

of the kr3tl=me?Itat5Il rem3ned unchanged in the 

core. 

clcse fittiqg sramt: ehiL Fods, ani the slots 

were p t t e d  flush ~ 5 t h  th? e l e n t  face. 

c )  11l1 station 45 thcm-ccuyks are mtteci. 

These changes will inswe safficient &qow iqp2ance 

Ihe unusea s lot te i  holes are tken filled vith 

to ~perrnt localized cooling 0: the cent ra l  elenent and com50xi c: 

.djacerrt elemzrits. 

the end plug problem directly. 

Zihination of station 45 themouf les  solve% 

ion D. Themocoude Buckle h e  to Liner Qmms - 
The fob- themcouples, measuring t ie  md coolant gas 

exit temperature in the NRX-A2 core, were coqressed between the 

stainleas steel liner and the mlyWenm cone-tie rod buttor, inrerface 

(Figire 4.3-33). The themcouple sheaths were brazed t o  the I b c r  



A i t t  
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&.A NUCUA!! r*Nuj!SIs 

4.4.1 Cener& 

n.e nuclear characterist ic3 of ;he NRX-A2 are gomrreu by 

the ccnfi&waticm of materials with significant nuclear Frcperties, 

reactor p a r ,  a. hydrogen flow rate. 

distributions i n  the NRX-A2 cote  are shorn i n  Figare 4.;-1. This 

figure illustrates t h e  reactor ccre coiwistir;cJ of c h s t e r a  gf six 

PJel elements surrounding an & e l 4  fuel  module mi irregular 

clusters consisting of cp t c  three - ::.?xlec cczules  ar,d 23 fuel elements. 

%e core contains an enriched uranium inventory of 173.6 kg. 

core i8 surrounded by f i l l e r  strips, a lateral suppo.=t syatem, and 

a beryllium outer reflector.  

12 control drums each t f  which employ a control vane consisting of 

boron enriched in the filb isotope dispersed i n  an dudnun matrlx. 

Table k.k-1 mmuar-izea the  key nuclear corcponent characterist ics 

including all f u e l  elements, ref lector  cclmponents and control drmas. 

The paCelials arld t h e i r  

The 

"he beTUiut outer ref lector  conta ins  

Ibis section will Include the  followlng: 

1) 

2) 

3 )  

The inital c r i k i c d 5 t y  and co2tml dnrm calibration; 

The rcactivlty pffects and p e r  Gistribution; 

The radiation hea t in j  and rediation environment. 

4.4.2 Cr i t i ca l i t y  and Control Dram CUirq' - )w 

The NRX-A2 as shipprsd from Lrtrge, Peru ;lvania, to W ' ,  

and installed on the te. 

poissn wires were installed in coolant chm,iels throughout the  

car contained 6990 poison wires. These 
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rezc tc r  d were g r m F d  througn t h e  use cf c h s t e r  cups. IrStial 

c r i t i c a l i t y  was obtained by a sterh-ise withdrawal @f these wirts, 

during uhich time, inverse r z d t i p l i c a t l c n  eesl;rerr.en+,s =re 

perfomed. The nozzle was nct i n s t i l i e d  during these measurexrients, 

Initial t r i t i c a l i t F  was cbtairlzd with  8 clusters or 336 wires 

r e e x i n g  in the ccre. 

These 336 ir;,res uere removed stepiFisc ;lur-%ng which time the  contrcl  

dxm bar3 reactivity w r t h  was cdibra ted .  'Ll-ie result of t h i s  

opmation is zhc7wn m Figure 4.4-2. 

fact that a E2vebient of 12 dnms 5" w i l l  intmduce jc cents in 

react.5vity a d  a aovenent oi 13" h i l l  introduce 61 i n  reactivity. 

The t r i t i c z l  3 ~ m  angle MS 9 . 6 "  i n  configuration with all wires 

out. 

The c r i t i c a l  bank position was 172.9 rfegress. 

' h i s  figure i l l u s t r a t e s  the 

1? c r d e r  %a ver i fy  t h e  unifom5t.y of t.he control d r u ,  

each d ; ? ~  vas b-mpeci f r m  an ayroxhi t .e ly  ur,ifxui c r i t i c 2  

p a i t i o n  a d  it perr<35 3btained. 

:!i~m :n r i g ~ r e  4.L-3. 

nient indicaitsd an apparent n o n - u n i f o d t y  i n  control druni r;orth, 

Anaw.is cIf {he T G : ;  indicated t h e  c a s e  of the asymztrp was the 

vzrist-isn in ?he po j i t i cn  of t h e  ccntrd drum bank positlor. as 

$hewn i n  F;s:u? 

nozzle in .?fal led w 3 q  97.C - -- 2.5' based on observations dm7ir-g 

several r ri? i c a l  -ondi t - ims . 

R ~ ~ w l ~ s  of this rseasuramnt are 

L This figui? iliuztrates t.hat t h e  measwe- 

: - i -,. ... : -.- . .  . .  '... -, ,!-I :,. cf ,-,i'iSl.:L- ,*-...- U I  - I  ^ r - C . l  ..-"A: 
-;-,, A,,-- . .  :.-, . 

. C!cIO€NJ4B6- 
RESTRICTED 4.k-4 
Atomic E-rsy Act 
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RD = -4.5 (1 + cos e )  + 3.87 

- 
Teqcr.iture %activity Contribution R;. = k . 0 3 9  (Tc - 528) + C..94fi, - 

5 2 8 1  x10 -3 

Lhere Ai = 2e&.civity, dollars ( i s  i s  D, C, H or T) 

iontrol arum Bank Position, degrees c 

K v -  = Yass of carbon lost, kilograms ,L 
1 = Fractioa of diffused Hydrogen (C.12 used) 

- _  
= Avr-age hydrogen densities h the d c end, middle, and 

3 = Average hydrogen density in the Lateral support, lb/ft  

= Average hydrogen density in the beryllium reflector, lb/f't 

,519 E ,  p3 
p LS 

r.azzle end thirds of the core, 1b/ft 9 
- 

, 3 

rn = Average core temperature, OR 'C 

i = Average berylliwa ref;ector temperature, QR 

- 
Be - 

Be 



The first experimznt perfommi to  evaluate the rariotm 

reactidtr coe f f i c i a t s  mquh=ed pssage of ambient 

the reactor. 

uas the m g e n  density. 

masurd dram bank position to make the r e a c t i d t y  zero at each 

of three hola conditions. Fhe result of the application of the 

forailas gven  in Pigare 4.4-4 t o  the calculated variation in 

4ydrogen density i n  the various components is d s o  shorn in 

Figure 4.4- j. 

coefficients are appradmately correct. 

through 

'phe principle parareter that raried during this test 

Figure 4.4-5 shom the variation in 

Bi is  fig\u? indicates that the hydrogen reactivity 

The next experiment M c h  can be utilized to eralaate 

one of the 

re-. F i g y e s  4.46 and 4.4-7 depict the variation of 

kwrw tore and berylErm reflector teffiprature and the  reasund 

c c n l h  dnm position vems time duping the  test. Figure 4.4-7 

also shms the result of a p g c a t i o n  of the reactivity 

fo-, axid indicates that the reactivity coefficient a c h  

takes into accmnt core expansion, t h c d  base shift aml 

Goppler effect as ell i+3 tslperaturt effects in the mflecton 

is appmximateb correct. 

reactivity effects was a taperat- coefficient 

Another important reactivity effect which u m  not 

bc~ured at  NRDS but ai& had been prenously pnasured a t  Urn  
uas the effect on reactivity of !sss in c u k n  f r c  the reactor. 
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This effect io ip;portait in h t e rpn t t i ry  ths rezc t i r i ty  &mge 

experienced d c z a  * e  nigh pwer run. 

GC an a s s d ’ 4  e-,seritidr identic& t o  +&e EX-A2  indicated that 

the unirs.a loss cf carbon *om the coye wsdt in a reactivity 

change cf 5.5 csrits &per lulogr;ur;. 

F i g r e  4.t-ic. 

W e a s m e m a t s  at UXEF 

77-is t e m  is -;innl-ided h 

’Ihe intPrpretatien of ail the reactivity eFects  that  

exist &sing F9-IV sta-tup, high p - e r  opezation urd s;fiutc?wn 

of the H 3 V A  reactor is rtx%elrmeIy difficult. 

appearing in the reactivity qzat5-on!! given in pisure 4.4-4, the 

only directly aeasurable one is the CcmtrCl drum angle. 

mc t iv i l t y  contribution due to the control ~ I W  movement can be 

dete,?nined rr3i.ng the p ~ L ~ ~ s l y  developed equation under the 

assumption that tho change i n  drum wcrth frcmi coop2 t o  operating 

conditions is negligible. 

the case. 

hyarogen f l m  rate mi control dnrm position t h u g b o u t  &e high 

power n n  (EF-IV). 

the power and ficv frao: Figure 4.4-6, t . . ~  k . s - 5 . ~  In the core 

a d  reflector have been c a l c u l a t d .  

u t i l i z e d  in the equation in Figure 1 b . L - h  t o  calculate the drum angle 

mquircd for cr i t ica l f ip ,  

on Critical m e a a u r ~ n t s  befor,? and after EP-IV. Theae reaulta are 

shown in Figure 4.4-9 

O f  SI the terms 

The 

Paalpis tends t o  indicate this is 

Figure 4.4-8 shows the variation of reactor poue~, 

Utilizing the system andpis code 1xT a& 

These parame4,ez-a can then be 

The carbcn lass Is taken ad $0.20 based 

CONFIDENTIAL 
RESTRICTED DATA 4.4-13 
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stronuclear 

The low power mapping performed in EP-8 had as one 

important objective, the evaluation of react ivi ty  effscts .  

oxpriments prcrride an excefler-t opportunity t o  evaluate further 

the general dersSanding of the react ivi ty  coefficients in the  

reactor. 

been presented prer iouj ly  in Section 4.1. 

variation of power, Plow and control d n u r i v a r ~ ~  time. The WL 

code was ut i l ized  with the measured power and flow t o  c a l c d a t a  

the  tempratures and densit ies required i n  the react ivi ty  equation. 

The calculated control drum position is ala9 shown i n  Figure 4.4-9. 

The react i+ty behavicr of t h e  NRX-A2 over the  e-omplete 

These 

The cpsrating points m a map of pouer versus fiosr have 

Figure 4-4-10 shows the 

pwer and f!ow map ha9 been ca lcda ted  and it is  shown in Figure 4.4-U. 

'Ilris :.'igure &so shcm the  lines of ccniitant. react ivi ty  t h a t  -&re 

cslculatsd prior t o  NRX-A2 o p r a t i o r s  using equLtions previously 

developed. 

high and low wwer test (EP-37 and EP-V). 

tha t  some adjustments ir, the coefficients KiU- oe nece,osa$ t o  

obtain bet ter  agreement with all the  Et-asurements. 

Also shown on this figure are  measured v a l ~ l s  from ths 

These results indicate 

Since thpsz differcnces decreased with increased power 

le-:., a pos,sible explanation f o r  thi3 effect  is lowe? nydrogon 

diffusion into the  fue l  a t  low power than assumed i n  the prediction 

equaticm This hydrogen diffusion is being inTrestiqat.sa experimentally. 
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4.4. L ?ower Distribution 

Radial and d a l  C C T ~  power dis tebut ions and the  

pcrer gradient acrcss t h e  flzts of peripheral fue l  elements uere 

measured during pcst-operstive e-tima us- gross gama 

radiation measurements and radiochemical analysis of fuel elements. 

Good agreement betireen lceasmements and calculated values &st 

except i.11 t h e  case of puer in the peripherai elements. 

The radial power distributicn was riieasured (1) by 

ion chamber gross gama radiation measunments of all but l8 corn 

elements, and (2) by radiochemical anilysis for  fissim pxiiicts 

of 13 eiemen+s ground up into 5C graz samples. 

were compared with t h e  czlculated pow%- distribution at a central  

drum angle of 99.7 degree$, t h e  po-r weighted average obtaim i 

over the e n t i =  series 0-1 A2 tests. 

core +,he c a i c l i l a t d  d u e s  only differed from measured values 

by I t o  a, but for the peripheral elemmts the calcul2ted p e r  

was approxuweiy 7.2% lower t h a n  the measured power. 

& 3crepanrjr 15 being studied further. 

These r;leasuxvments 

I n  the central  region of the  

This 

3.e  mal pwer distrikuticn iras neasured by an acid 

gsma s c a  ~f Selected f i e1  elenexits using a c o l l h t e d  sc in t i l l a t icn  

c rys t a l c  

s c x a  cf ekqents  I i j V  and IBE comp-:Ct with t h e  corresponding 

a n a l y t i c a l  p r e d x t i o n s .  x c h  iistri’cition was ncnzdized tc an 

axxd xak vslte cA w i i t ~ ~  

Figure L.4-12 gives a c i d  power 5ist.ributions f=.oE gama 

- 
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The puer gcadients ;cross the f l z t s  of peripheral 

h e 1  elements -- measured (1) by r ad iochdca l  analysis of wafers 

sliced axia l ly  from four peri$eral fueled element midplane sections, 

and (2) by wire activation measurements after the =-A2 PAX tests 

a t  WEF. 

from the radial direction. 

gradients is within 3%. 

“be direction of t h i s  gradient differs anly slightly 

Agrement between measured axxi predicted 

k.4.5 Radiation Heat- 

O f  importan:e in the design of dl components, othec 

t,W. fuel elements, is the radiation heating. 

techniques employLng transport theory for neutrons and !!ante Carh 

theory for ;=-a rays was emplopd t o  inrest?gate the heating in 

The best amiisble 

the varicus components. Even with ‘&is detaiied analysis, the 

radiation data w2s uncertain to  50 in the reflector Vtem. 

Table 4.4- 6 zhcr.s the calculated kat-  i n  these cmponenLs as 

a percent cf reactor t o t a l  pow-r fer several hoids during t h e  run. 

3+ 

Afso shown i n  this table are the  nieasured values inferred from thz 

enthdlFy rises of fluid together u i t h  the uxer ta in t ies  estimted 

for t h i s  calculaticn. 

heating in the b i e r  and oiiter refiectcrs *as cn t h e  average 17% 

l o w  ht  s t i l l  -xithin the  estizated uncert&.t-y. 

It is seen that the predicted radiation 
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pmdictions dim- fnr. the #u& data due to raglet of the 

a i r  m c ~ t t e r 4  coatributiorr in the pruKct.d hta. 

Fillpn A . 4 - 4  8bou a carppriscm af urd pmdict.d 

6- ray dose rate per operat- watt u a nPwtlocr of plu &e 

on the meridisn r* lo-dtod fin ft.fnrr the center of tbe corn. 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

u, 

15 

16 

10 

A c t i n  Care Rqgitm 1.5 X d8 3.6 It & ’’ 1.9 x l# Filler stripr 6.0 x 10 

Gem Support Ehcb 2.3 X 10 l7 5.1 x 10 

L8tsriL soppod (IrmOr R4nactor) 5.1 x 1 C  l7 1.6 x 
10 

-Uta Reflectur 2.1 x 1c l7 5.7 x 10 

h ’ 8 8 8 l l r U  V U S d  Q M U F  1.6 x 10 1.6 x 10 
10 

2.5 x 10 Reflector-liossle Interface Region 

Reflector Support Structure (Noasle W) 1.3 x do 
Cluster Plate Rsgim 

16 10 

16 1.1 a 10 

2.2 a 10 l6 
3.3 1017 8.3 10 10 

Core Support Ring, Etc ,  1.2 x 4.8 x 1o1O 

10 7.2 x LO 
17 core support P l a t s  2.7 X 10 

h e  Fad Support Ring 1.8 x do 
D m  Drive Shaft RegLon 4.9 x 10l6 1.7 x Idc 

10 

10 

5.4 x 1c ’‘ 
Raw Screen and Support 4.0 X d6 1.3 X 10 

1.2 x 10 16 
A l u m i n u m  Zbckup Shield 3.8 x 10 

Pressure Vessel 3hield 1.8 x 10 6.0 x lo8 

rl;5tposures are based on the EP-IV-A and EP-V reactor runs for b%X-A2. 
ucposures include gama rays liberated after shutdown due to fission fragment 
decay. Total fissions for EP-IV-A and EP-V = 1.3 x 1@ fissiom. 

C- 
R E T  4.4-27 
Ato- 



I 
I 

1 
I 



L . 5 ~ l : ~ ~ u r ~ ~ ~ T ! ~ ~ I c ~ i : .  rn!.T?.O:, M:D iiA 3 S y s ' r n  PrnL ANCE 

This section ceais prharily w i t h  sen3or perfomce and the  ut iUzat ion 

of data for contml ar,d aralysis. 
- 
: rcm a tr ;ai of 1% EZ-ZJ :;AIL diagnostic channels, W . f S  were operating 

pr -or t o  tests and 76.5' were operating at the end of the  test n i t h  91.58 

uf these remabfng operative through all testing. 

resu l t s  is  ~\mmrariaed below and shown in Figure 4.5.1. 

nuubers a m  tabulated ir. Tabie 6.2.1 in the  A p p e n d i x .  

A Ust of* channel 

Specific channel 

Channels operating at the start of each E? test. 

EP-11 EP-IiI E-IV Ep-v End of Test - 
196 191 188 188 183 153 15C 

1c.r 5 97.46 96.C 96.C 93.3$ 78.G 76.5Z 

Channels failing during an EP test. These channels are i n  addition 

t o  those Ltsted above, but were repaired o r  corrected prior t o  the start 

of the next EP test. 

EP-V - EP-TJ - EP-I1 EP-I11 - EP-I 

13 5 !:one 8 R one 

- 

"0.G 2.75 cf: 4.42 L5 

%Percent of cbnnel fa i lure  from t o t a l  number of channels operating at start 
of each EP test. 

<"The conc1usior.s reached were based upon the following documents: 
1. 
2. KTO Data Log Sheets 
3. 

b t a  Discremcv 3ie~0rt, KTO-R-C( 1C , 1:ovember 2, 1964 

Instrumentation Disassemblv and Post ODerative ReDort, \!AIL -TKE-lC79, 
'January 25, 1365. 
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Kode of failure f o r  channels f o r  a l l  EP t e s t s  and assembly with percentage 

failure of t o t a l  (196) \!AIL diagnost ic  channels are: 

x+&&e of Fa i lure  KO. of Channels Percentane 

I n s t a l l a t i o n  Design 22 11.2 

I n s t a l l a t i o n  Assembly 1C 5.1 

Data Acquisition 

Sensor Design 

Kiring 

Reactor Overpower 

7% 

4 

2 

2”‘ 

3.6 

3 ,  i 

1.C 

1. C 

-%eludes one transducer 
EP-IV but was operating 

(P 5C1) not operating properly during =--I through 
sa t i s r ac to ry  a t  start of EP-I’. 

%%e i’c-.lowing i s  a descr ipt ion of t h e  d i f f e ren t  xr.odes of f a i lu re .  

Data Acauisition: 

and t h e  Control Point (CP), i.e., equipmerit failure. 
Channel failure between t h z  Electronics  RCJE (E3) at Test Cell “A’! 

I n s t a l l a t i o n  Assemblz: 

Channel failure where t h e  transducer was o5served during disassembly 
of the  tes t  ar t ic le  and found t o  be improperly icstalled nr hacdled during 
assembly a t  !JUS or  ITLDS. 

I n s t a i l a t i o n  D e s i :  

Channel f a i l t r e s  where the  i n s t a l l a t i o n  design of t h e  t r a n s d w e r  was 
observed d-ming disassembly of t h e  test a r t i c l e  and fomd t o  be inadequate 
for t h e  environment, i.e., po t t ing  fa i lures .  

Seasor Desim 

dw-rlei f a i l u r e s  where the  t rv l sducer  wbs observed during disassembly 
m d  found t o  be ir.adequ&te when subiected t o  i t s  expected .mJil”om,ent. 



defect o c c - w r i ~ $  5.z the  sersor'. It w-3 this defecc uas not due to  

RES- D A M  L. 5-4 
a%mic Energy Act - 1954 

r n  
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A 4  

u; expected conditior. and mad the lar 

35-?I. 

1 4  irs2’;.torS. 3l.b chaacteristic is indicated ir! ngurs 4.5.3 and las 

at teqaraturas rbom 

%is sat-xation is catxmd br a high tQiperature breakd-. od t h e  

luglortad in J-ily 1351, (mL-THs9-l, page Vd). Ho pro3lca las axpecte? 

uith the M3.X-M test as plamai at tha t  the .  The incrsased pwer of t h e  

f’in82 A-2 test lloIbd the aphratir,g tauperat- into t h e  mrgin of the  saturated 

mgior; (a?sL* kMoo3’. 

A t  macfior d5-b the twgstu: coated tantalum sheath 

for the statim, 1 5  socsors m a  fd to  be fractured. It appsrrs that 

hylrid-hg ca~& t P d s  condition. ALthocgh this sheath damaged, it 

aec0rrp;ishud itaprupose in protecting *he molpWenum sheaths which mere 

fcrmd to 5e ix axcellart d t i o r .  at disassembly. 

Amtter aggsrcr.t projlcm kecmm evident Match on reactor 

sh-;tdcnm. Staticm k5 themocoqles primaria w. the  periphtr of the core 

indfcatmi az apparert increase i n  tazperature. A t-rpical case is illus- 

trated in F’ipre 4.5.4. 

foxd,  hawhver, m e  p o s s i b l e  axplanation for t h e  indication is: 

t h e  themo;.p?es were -4 a t w r a t u r e  below the actual temperature 

d.t t o  b.s-::ation depdatior,. 

a fiinctlor of shesth ’trigth subjected t o  high tenperatxre. 

tbt t h e  paiphecr of t h e  reactor cooled faster than locations withir. t h e  

core. 

No evidence of a c t a  increase in temperature can be 

As indicated, 

The amo7xt of this therrmocoupie e m r  LS 

It is know. 

ds the sheath cooled t h e  error redxed and t h e  indicated tauperature 
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approached t h e  actua? t a r p e r a t w e .  

thersacoup’ e performarce and indic?+,ed t-rat::re approach& actual tempera- 

twea a8 t he  themoco;p le  error reduced. 

?.e ret res.2.t was as improveuxmt ir. t t e  

The scram cooldour appears t o  have mcovered an add i t iona l  

prollm of thema’  shock. ”he peripheral cooldon: rate exceeded M O O F  

per second. 

i n  tmperatare which exceded r:cma!::- expect& rates. 

mteria: to1erar.a has beer: al’owed ir. new thennoco:pte desim.s t o  ircrease 

t h e  ttszma’ shock resistarce. 

F c v  themoco-lp’es oper c i r cu i t ed  dae t o  t h i s  rap id  decrease 

An increase ir 

Ir ~ m m a ~ ,  I??J-A2 tests revea’_ed t k r e e  k a s i c  pro5lms f o r  

in-core temperatwe measuremeRts w i t h  t h e  Q-pe of sersors ssed. 

problems are: 

These 

1. :e:iak’e i n s t a l l a t i o p  d e s i g r ,  

2. Corrosior of sheath naterials. 

3. Iiesistarxe t o  th2xmal shock. 

The thennocol;ple ins ta lZat ion  procedvre for ??-.-A3 has beer. 

chanEed e’ iminat ini  Foth the po t t inq  and t h e  s ’o t  i n  t h e  elec.ent. Tests 

ham beer condvcted t o  establist t k e  perfoman .e of t h e  r.ew i r s t a l l a t i o n  

w i t h  yood resl?lts. Analysis of p o s s i t l e  error d:e t o  radiat ior .  h e a t i r g  

ir! t h e  rew i c s t a ’ l a t i o n  have ‘ e m  cordxcted are t h e  error i rd ica t ior .  is 

’ess thar. 50 derrees. c ’ h i s  work h a s  eer recert:;- reported ir ::.\I: -TI,- 

0’9. 
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*- 91- of methods 0:' tenptratrwe rear:remer,t, other thar 

themocouples, uas comlucted with the cm.clusion that k e m f i t s  from efforts along 

these l ires meld k e  tuo t o  three :-ears away a t  the earliest. Further, 

the materials problsms with these sFstsns are similar. 

c i t a b l e  Eaterial for temperature pro5es i s  a basic problem of in-core tem- 

pcra?ure masweinert. 

're adapted at a later date t o  altem.ate meascrseer,t qstess. 

The detenair.atlon of a 

X shoat3 nateripL developed for thennocouples could 

Tqhasfs i n  developcent is Seine p:aced therefore on those in- 

core IWas:,m,erts which ma:- 'r-e called upori for control purposes. 

t o  e s t ak l i sh  a design insiPht i n t o  the interaction of nflroqen, graphite 

ard tkenzocoxple miteriais, a compatabilit,v study is being conducted. 

In order 

This 

st-:*- is  not caapletad as :-et; however, present indications are t h a t  

t*nqstur. coated niol:-Sdenm (or tirrrgster) is  a more p d s i n q  shea th  material. 

Considerable effort has keen directed toward improving thenno- 

co:ple and/or instrumented assemt?l:- testinq methods. Tests have recently 

h e r .  cor.dccted whereir. the inte=tit iai  pressure drop has been simulated. 

This t>pe test was impiemented k.- the utilization of flow down the t i e  rod 

hole of a certra?. elexrent t o  develop t h e  (interstitia:) differential pres- 

SYFC. 

adapted with a radiact heater tub. 

%is was accomplished i n  a KN7, fuel elemen? corrosior! furnace 

4.5-I4 
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1.Iore exact simulated t e s t i n g  of instrumented assemblies is 

rqiired t o  asslire adequacy of in-core tenperatwe measurement aptenw. 

!>econes of prime kportame f o r  tne longer durat ion and higher temperatures 

of fu ture  IRX x a c t o r s .  

Thls 

4.5.2 Pressure Yeasmements 

For pressure neasurements within t h e  reactor ,  all 21 of t h e  

variable reluctance pressure t ransducers  mounted ex terna l ly  operated as 

expected. 'There were minor abnomai i t ies .  For example, one channel p315, 

was set zp inproperk-  f o r  EP-IV and sa turz ted  t h e  ampl i f ie r  before the 5(: 

percent power 'eve1 was reached. 

sa i i s f ac to r i l ; r  d x i n g  t h e  ZP-V rcn. 

a l l  I\?!-A2 tests was corsidered exce l len t  based cn c o q a r i s o n s  of t rans-  

dlicers sensing t h e  sace pressiire. 

P315 kias ca l ibra ted  properly and operated 

Pressure measurement precis ion during 

Two of tb.e four  t ransducers  located i n t e r n a l  t o  t h o  reac tor  

were nowked on t h e  outel- r e f l e c t o r  done end s ippor t  r ing.  These sensors 

were both types, o r e  F-eirr a d i f f e r e n t i a l  and t h e  o ther  an absolxte. 

D.:rinp t h e  EP-IV test, one trarisducer (P6 3 )  operated w e l l  up t o  t h e  5(% 

power hold but  data SeT-cnd t h a t  poi-nt was questionable. 

dicer (P601) was reported as fiinctioning properly u n t i l  EP-V when t h e  data 

saturated fvX scale.  

The o ther  trans- 

The other  two t ransducers  located i n t e r n a l  t o  t h e  reac tor  

were mounted on t h e  s h i e l d  (one on t h e  forward end and t h e  o ther  a f t )  

ar.d were both -rariable reluctance absolute  t rarsducers .  One of t hese  

transducers (P5Ol) uas not set up properly €or FP-n'. This imi t  was 
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set up pmperiy for EP-V. 

reported t o  have gone of fcsa le  during t h e  8% (nominal) power hold, 

The data for t h e  other  transducer (P6 '3) was 

1.5.3 St ra in  Measurements 

The nine sensors selected f o r  determining t h e  lateral dfsplace- 

ment of the  core at various h a 1  locat ions and t h e  displacement of the  inner  

reflector springs were weldable s t r a i n  gages resis tance welded t c  t h e  inner 

diameter of t he  lateral support springs. O f  these  n i n e  gages, only one 

has keen reported as having a discrepancy, however, this problem was i n  

t h e  data s~-st;em. 

which are within t h e  range of the  predicted values. 

?he remaining eight  gages have fielded displacement data 

Six weldable Ptrain gages were located on th ree  t i e  rods supporting 

one of the  f u d  e- m i i t  c lusters .  

t o  measure both tension and bending s t ra ins .  

damaped dwing  reactor  assembly due t o  an inzdvertent application of 11' AC 

across the  gage leads. 

normally d i r ing  t e s t i n g  with t h e  exception of one gage which was reported 

t o  have failed diiring Ep-IV. 

f o r  p r io r  t o  EP-TI. 

Eageo 

The gages were arranged on t he  t i e  rods so as 

One of t he  six gages was 

The remaining f i v e  gages appear t o  have operated 

This was not a sensor proklem and was corrected 

Valuable information was obtained from the  t i e  rod 

The ten sensors selected for detemining s t r e s ses  induced i n  

t h e  support stand legs  and adapter r ing were weldable s t r a i n  gages res i s tance  

welded to t h e  legs iind cdapter ring. 

a t  M I S  assembl:. and two channels were canceled after EP-I due t o  an o?en 

0-e Zaqe was damaged during i n s t a l l a t i o n  

5-16 



c i r c u i t  occurr ine i n  t h e  da t a  acquis i t ion  sgsten. 

8ppeared t o  have worked nomall:;., however, during EP-IV-A, they were g?-aAtly 

over-scaled for t h e  readings t h a t  they were actual l :  giv ing  (appmxim6tsly 

iO0 p in/in on a s c a l e  of  1 3 ~  p i n / i n ) .  

The remaining gages 

4.5.4 Ruclear Heatine: !.leasurements 

Six calor imeters  were ;nstal;ed i n  t h e  lF.X-1l2 test to observe 

One the gamma neat icg e f f e c t s  or! ?er:-:lim, s t c i n l e s s  steei, and aluminum. 

ca'orimefer for eacf? of these  t h r e e  naterials was nmnted on t h e  center  

l i n e  of t h e  core on t h e  i c s t r r e r t  boom t o  measure r a d i a l  gaarma flux leakage. 

A similar set was momted or  :he rabbi t  q-n boom t o  neacure axial g m  flux 

leakage. 

The ca lo r ine t e r s  momted o r  t h e  i n s t m e n t a t i o n  Doom operated 

as expected ir. t h e  ?2-'.2 test .  

arreemer.t with t h e  orpect3d fieztinf rates. 

t h e  ra>b:t gm boor t hc  r e s i s t a r c e  t e n p e r a t x e  element f a i l e d  01: two units. 

The third init gave da ta  thro-:qhoiit, t h e  tes t  SJt  indicated noisy operation 

coincident with operatior! of t he  r a b k i t  F-. ixcessive v ibra t io-  during 

operation of the  r a b b i t  qun appare:t1:.- caused t h e  f a i l w e  i n  the  o ther  tv- 

probes. 

neasurement, t he  noise  d id  not jeopardize the  data.  

i rd i ca t ed  b:r t h e  s lope of t h e  output data ar.d t h i s  s lope indicated da ta  

The ot.served heatinq rates were i n  reasonable 

u f  t h e  calorhet?rs  mounted on 

- 

Inasmuch as %he measuremert i n  t h e  calorimeter is a n  in tegra ted  

The heating rate is 
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L: accordarce with predictior.s, 

toward the md 0, 

k-tegrated heat1r.e from whict h e a t k g  rate was calcu'iated. 

~ c c : ~ ~  at approximatek: 130;; watt-sec.1 

?e ca'orimetem as expee'& went off scale 

. m.. ThAs is t o  be expected as the:- uere reading 

((hrer-terperature 

Li S I T ?  the calorimeters perfamed well w i t t i .  expec:atior.s 

ir. the  :??-A2 test. %e location of these trarxducers oc the rabtit u~ 

#s a late chxge resulting I"mm comerr over possi'rle vibratior! of 

the pdPpel;art coolar.t lims. 

m-ticipated, 

?he viSra%ior. of this rast-it gm uas r.ot 

A clifferect insta',latior. i s  p1anr.d for hture tests. 

3 e  data OF. the calorketer E O X I I ~ ~ ~  or: t5e ir.strxient 'rocr; 

qave arI irdicatior. that wm 10 to  2C perzent :-elow t h e  calcziation, 

tmrever, may 1 e :?-e resdt of self-skielciing and gama =erg- lerei. 

heatirg rr+.e leve! or. the ra5bit koor. location indicates the expected factor 

of two re'ative t o  the ir.stl-Jnent boor: l o c a i o n .  T P i s  bas keen detem-ked 

t o  E 'arre ewer.: ::.- otsematior. c? t.ke th,ez=ocoqie ~ e a s i r m e ~ t  on t k e  

inrer shield of the ca:orireter dxe to the roise reported aLove or. the 

%si s'ar ce terpera'-,--re detectors. 

?is, 

?e 



4.5.5 -f - 0  =ce EP - 4 

3eactor coatml su5seq~ent t o  s+&-.q xas accorppiished using 

t h e  based programs of the controllable parameters (Le., Log Power, M2 Flow, 

and ?aPperature). 

tun: contrcl paraeter ,  with -At gas as a backup. 

q-sten ogcrztion durhg  the power m1, a samary of the basic zontrols used is 

helpful. 

Station 32 thennocouples uere chosen a the prime tempera- 

To emlu te  the cofitrol 

&activity is varied b3 IL~XUIS of rotating the con+,ral druwi about 

the c r i t i cz l  position. The positfon d-d for these drums is generated by 

the power controller based on the cmpzrison of the r . . d  Log Tower with 

t h e  resuitant s*m of the Log Fonr depand, the 1 % ~  Fomr T r i m  Sigr.al, and tne 

7eqeratu-e Correctior, (or trb) signal. 

a correctior: t o  the power d e n a d  of f r m  C.5 So 2.f, :&ere3s the extent of 

temperature correctior, i s  from 2 . 5  t o  L.-5. '?he t q r a t u r e  correct,icn i s  

essential>- proportional to the integral of the error between the demar..d& and 

neasired tezqerztues anci *thereby h i t h i n  its colltroliable linits is the over- 

riding T2ctor im power cor?',rol. 

'=he :buzz  Power 'MBI car. provide 

- -  

5, t h e  initial portion ol" 3he m, tr?e teqerature deeand 

exceeded the m?aswed temperature, r e s u l t i q  i n  the tenperzture controlier 

go?-% :c its -:55 ;icit. 

troller kegan to correct the power progran ccntrolling the rate  of temperature 

rise a d  at, the 5L per cer?.t hold the proper tapera ture  -as Eaintained. 

I;s the masured temperature caught up, the con- 
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The o ~ t p u t  af the si_m.al comiitioner i n  t h e  high level 

system is t h e  i r p u t  t o  &? :f%er .kiplficr <:CL>- which provides a d - d  out- 

put of 5 =its t o  t h e  xcitiplsxer zrc -L volts for the  quick-hok San'ocm. 

In +,he low f eve i  systerr. the  signal con5itioner c u t p t  of I C ,  2C, o r  &c EV i s  

t h e  input direct:$ t o  t h e  rxlt5pkxer; &?2 :her. t o  t h e  Z ~ ~ a z i c s  43557 -2- 

fier which provi2es a 5 731: sigrL :c t h e  . L. 

. -  

-- ̂ C 

- ,here are t;lp t:.?es c' Lr;ltiplexers, mechanical (LC sampltsj 
- 

stc. ) and so l id  s t a t e  (Ls. s -q l e s / sec .  1. 

t C e  s o l i d  state is used, and tkere are 

f o r  data. 

signals is  accamplishe.5 5:- t k e  s - ~ k p - e x o ~ .  

h p a t  signals, sarnples eack for 2 E n i t e  reriot  of time &le locldng out  a l l  

others,  and then cm5bes t h i s  in loxra t ioc  for transr&ssior. over 3 single 

carrier channel. 

AX t . k i s  Pigh l eve l  s p t r m  diagra~ 

c t x ~ e l s  zvzilatle per d t i p l e x e r  

3,e convers5cr: ~ ~ c r .  ar.a:og t o  3Lse .:.zzlitu<e ~oduhtec i  (€'Ai:) 

- . -  >e zultiplexer t a k e s  many ~ . L o g  

nhe P.X wave :r&c then ez t e r s  t h e  voltage ccntroZed 

oscillator (?C%), a vcitage sensitive dev',ce xhich changes frequency i n  a 

given r a t i o  t o  the  a p p l e 4  7-2: wave t r h  Yoltages. 

changed froe PAY signals  t o  Z. 

a frequenc,v change h ~ c t  i s  essectizX3- a 'zurst of a frequency for a finite 

time during the  a p p l i c a t i c  cf t k e  pclse t o  t h p  -.-ZC. 

liere, the data  is  

Tach ?.ai:: sigr,al applied t o  the VCG causes 

,rcrm the K O  t h e  3' 
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signal goes t o  a b e  ratching transformer for impedance natchirig arld 

isolation; t h e  over the long l ines  t o  the Control foint  for recordkg on 

tape 9r visual display. 

v.. r i g u r e  L.5-5 depicts the  Farrow band data processing. The 

tape records of the  PA!I/T carrow b a d  system are conrrerted t o  digital 

values by a C3C ;OCX cmputer processing system at 1 X E .  

sutput i s  cormected t o  a discriminator which changes the  freqxencp mxklated 

pukes  back t o  a PAI-I signai simi:.ar t o  the  out- - ol" t he  muitipiexers. ';he 

?AI< si-: is decammtated ami filtered be- .LL eEtering the analog-to-digital. 

converter =.a format control units -&ere the analog signal is converted in to  

ciigitd values ir, b m  forrat. 

tape for &future data muctic-, .  

A tape reader 

3 2  binary data is then recorded on 5 ig i t a l  

3- E ?.4 cmpter perforns CL syster. caiibra5ion -:.-sir 

OF. each dsra c k  me: xrre r e x e s  t h e  data t o  a -Ise;%l f o x .  The E:- 714 

a h c  p~5miz. a c x - r c t i c r  t c  each Iita channel using the  transducer cali- 

krstion values. 

The at2 fror: the 12:' ",A is ther: converted to  eryineerin5 

m i t s  52- appl ica t iw of the caXwation i r fomation recorded with the  eata. 

.% binary tape i s  prepared containing deta5led instructions t o  t:?e '-X-;6iA 

as t o  ho:$ tc position t h e  pfotters :'or plotting the outputs i n  engifieering 

u n i t s  vs time. 
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-.. :ipre 1.5-6 depic ts  t h e  s implif ied wide band data  acquisi-  

t ion.  

below LLC< cps ( sFec i? ica l l r  i n  t h e  ranges of  3 ~ - ,  LCC, 5rC, 75Z, an3 f C l l  cps! 

are hul.dled Sy t h t  wide band s y s t a ,  

previously described; hoxever, all signal condi t io ie rs  are d i r e c t l y  itired i c t o  

wide band ampxfiers; then t o  ’KC’S, t h e  outputs  of which are mixed, 5 s igna l s  

p e r  muXiplex. 

t ape  recordcr a t  t h e  Control Foint. 

IC ICV and I v o l t  i n  amplitucie. 

-11 signals k i t h  pritlary frequency va r i a t ions  i n  excess of l C  cps, but 

The signal conditioninz i s  t h e  same as 

These signals are then recorded on one track of a wiSe ’us,< 

The signals themselves ous t  be betreer. 

The s ign i f i can t  ~ f f e r e n c e  between t h e  wide and carrot; S=.d 

sptars i s  that  t h e  F.~!~?’’l¶ sys t az  is 3 sazcplec! data ( t in2  nLi,ip;exea) q-ster, 

xhereas t h e  ?iY%: system i s  p 2 r a l l e l  type recording s p t m  (?: EUltiFkYed) 

and t h e  da t a  is continuous;;- recorded. 

-. ;igure k.5-7 depic ts  t h e  s h p l i f i e d  wide band data  reduc- 

t ion .  

:’a. ., f o r  analog-tc-digital  conversion. The -wide band conversion syster. 

acce?ts i t s  inputs  frm, the  analog tapes  ani  converts them t o  a d i g i t a l  f o m  

su i t ab le  f o r  use by t he  12:- 7C94 conpu5er. 

7he t ape  records of t h e  ?:/:’: widt band svstem are sent  t o  U.I:,, Z.arge, 
- 

- -he output fror. t h e  tape playkac!: is an ?I.?’ composite 

simal, t ine  versus voltage, 

t o  the  ?-: osci’lographic recorder and t c  t he  analog-to-digita; converter. 

It is discr in ina ted  and f i l t e r e d ,  c a  go both 
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After conversion, t h e  IBi:  7C94 computer appl ies  channel c a x c r a t i o n  ana truls- 

ducer correct ions;  converting da ta  t o  physical q u a n t i t i e s  recorded on a 

woyldng tape. P lo t t i ng  tapes  are produced and sent  ta an SC-4C2C serviL. 

center  where t h e  required curvzs are plotted.” TLese FLots are retuxzed 

t o  K A E  f o r  d i s t r i t u t i o n .  

B. Performance Sumnary 

’igure 4-54, lPZ-ii2 Channel Anomaly Arialysis, shows a tar graph 

t abula t ion  of data charJlPl s e r f o m a c e .  

f o r  t h e  five test rms is indicated,  p lo t t ed  aga ins t  t h e  percentage of t h e  

t o t a l  379 channels which ex is ted  a t  t h e  start of t h e  tes t  series. 

The Frobable causes of t h e  discrephicLes 

These discrepancies  have been c l a s s i f i e d  as follows: 

1. Cata ?eduction 2.64’: 

2. Data ?.cqui.sition (excluding wiring 3 . m  

3. 3 r i n g  o r  ..rong i.et-up 5.26 

problem ) 
.. 

4. .‘Lnonalies Under Inves t iga t ion  13 . 5c:: 
2. C C 5  - .. 5. i’ransoucer arxl Test Car . . i r ing 

Failures 

A de f in i t i on  f o r  each c l n s s i f i c a t l o n  i s  covered late;. 

i n  the sec t ion  on the  causes of cancelled channels. 

- 
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i) transducers. mmiiags "peqgrd'' negative. 

&kx=ing thz ! X - A 2  test series, most of the errors 

connected w i t h  t h i s  category =re h t t e d  iy using the wnzr?g s c d e  on the 

2anbor~ charts; *,en this error IGS detect& or. CalCaop ~ L G ~ s ,  % h z ~  were re- 

pl&ted ar,? re-issued. 

5 )  ]!oise f-cotrkms 

Xter 5P-Z-A Fower Test, the -aidebarxi q s t e e :  was 

?here uere piayed Sack onto oscillographic reporducers fcr one-site ar&ysis. 

reports cf coic-7 *Bels on these piaybacls: however, the p h w c ? .  cemter 

A l l  at 1.323 is  equipped xitt? ml; one chamel af ccmpensa?.ion during pla*ck. 

charneh which were reproduced Kith tne use of '.his tape speed caqeasation 

!at &XL) dsror.strated that nost of the  noise disappeared f m  the trace. 
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Some cases of noisg channels are traceable t o  re- 

usad tapes OR M c f :  the bsckpun: noise kat2 not fully Seen elininat&. 

is pcasiXe that if h t h  sides cl’ the tape were Rot processed +hrough t h e  

i e s a s s e r  that  Roiso COUX still 5e present on the tape. 

It 

.hother caust of aoiw @amels was =covereti 

after 3 - 7  LT resistance checks d e  in the test ct-Ll by 2-lZD Building 

personnel. 

-&?-e stcrte: t o  p ~ b .  

k%ro&!ces a gro-md current -k. the shield and a p p r s  as noise on the data 

si&s trammitt& thmxgh t h i s  cable. 

3 e s e  checks skow3d that the sfiiclds 03 scaz transducer a b l e s  

Srolinciix,~ - cf cable shield ir. mre thax one place 

C. l i n m a  a d  Intamit tent  hta 

_ -  -1screpar.cies ir, this cateogq- include those 

chamels :&iic‘n s h a d  ilio .5a+k except Tor 2 trzce that IPP~JI 4 ed ;rrcnanged through- 

ouL_ the test or &ick ir.ten5:ter.t;- showe? data trLces that appeared valio 

Tor scrre tine iztervals d ~ ! r g  the tes t ,  

_ -  .AT; i.nta c?zxe;s -ere reported as d i s c r e p  

=.ties ’secacse the <:+,a trace or. pZq-cac:: s:?o;ei no chu-ge in positiori a X  

tho’&@. a p r t i c L a r  t e s t ;  t h e  trace rera2ce.i at zero or  “peggeci” negative 

ar p s i t i - e .  

voltage through Lo~T. -c:Iscs, LroXen 07 5urned leads or faulty sig.al condi- 

t i m e r s  or a q x f i e r s .  

ziEcki k=aS cegative nL>.g voltaEes a.pp2ef t o  them t o  peg ne@ive. 

-era traces occurr& -hen trxsducers l o s t  the i r  excitation 

1 csc of exci*a’,ior. -coltace could came those chmaels 

4- 5-36 



Intermittent data could have occurred through inter- 

mlttently shorted or open lead d e s  caused by enviromerct or vibration of 

the cables an the test assembly. 

neut- flux levels encountered during the  poh,.er n m  could have changed the  

phydtal properties of transducer materials and as a result, the output of the 

transducer was affected and produced an u n m  or er ra t ic  trace, 

Theit is P third possibil i ty that the high 

3. Accuracy Zval;.,ion of 2ata System 

In January 1964, a &u&v uas conducted at  P3.5 t o  determine 

the overall accuracy and short term drift of the ?est CeZ "A" Data Acquisi- 

t ion System, 

Spstcm'', dated 2C Fkrch 1964, tas  issued covering the r z d t s  of tbis t c  

The study vas performed t o  evaluate the s t a t i c  accuracy of both the wide band 

and narrow band systems from the signal conditioner through the recording 

and data reduction processes. Fourty-five channels were tested, 15 wide 

band channels, 15 lou level narrow band channels, and 15 high level narrow 

band channels. The res ics  of tne t e s t s  are as follows: 

A report entit led "Evaluation of Test Cell "A" Data Acquisition 

1. lkmu Band H i g h  Ievel  System: The average system 

error for 1 5  high level channels was 1.54% and the 

The average system noise error was 1.95;. 

was C.435; t h e  maximum noise was l.C$. 

average a d  rnaxhum Crifts were .-.46; and l.C$ 

respectively. 

The 
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2. r m  2and L c w  -ere1 Systems: 'The average systm error 

fo r  the 15 l o w  level channels was C . 9 s  and the  sushnm 

error w a s  1.56L 

Eaxbum recorded value w lC% 

The average dr i f t  ras G.6i5 and the  

The results of the vide band system are not presently avail- 

able. The records are seing evahated at  XXL-Large. 

=' - 0  iiecaermdd limrovtaaerts 

The following is i n  progress to  fitare test  data: 

I'bdification of the presemt teqerat.ure reference 

t o  provide better tecgerature referencing. 

Purchase ana ins+&lation of L C  data acquisitien 

amplifiers ar.d ci&t multiplexers t o  replace equip 

r m t  which is in  poor ccnditiorr. 

.: Re\.- data reductiar? C&F is being w i t t e n  t o  e:ininate 

the  e rmrs  as5 sy;eed a? t he  old coce. ~ . M s  should pro- 

vide a closer f i t  on the ca l ibra t im curves and - w i l l  

prevent Cropping bits in t'ne carrow &.d digit izer.  

.'.a ana:.-sis cf the wide b a ~ d  data acqaisition ana 

reduction system ;.Li be pericmed. 

;ruls:.xer t ea t  equ2F.ent for tes t ing tramducer 30th 

i n  receiving inspection m.d when trired in the system 

- 
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at the test cell. is b e k g  completed. 

t o  improve those channel losscs 

amounting to 52 shown -5.n Figme h.5-8. 

channel checker (scheduied to be c q l e t e d  in Septetber) 

should further correct possibie data acquisition dis- 

crepiincies 

It should be noted that the improvements uhicb were 

coapieted betiieen the KRX-Ai and 1 3 . 4 2  tests have 

perfomed satisfactori ly .  ror exaqle: 1) the San- 

born and CEC long lines have been isciated f m  the 

wide band primarr . data channels; and, 2) reduction of 

cross talk OZI the E C  recorder long lines t o  iess 

than 2: over tine “uldwidth of X tc  5 KC. 

ihis shotLd help 

to wir*.g errors, 

Also, a data 

6. 

- 
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The mjor conciusions are swmarized in this section. For more detailed 

discussions reference should be m i e  t o  the section of this report t rea t ing  

that aspect of the  test  o r  t o  the  separate report referenced in the  te-xt cri a 

particdar topic. 

appb t o  the  high poxel. - :x. 

5 . i  -- Over2-L 

All the  conclusions 5u2 the final one l i s t e d  generdilx 

On the  ?xisis of a review a d  z?zlysis of the 2?S-X2 t e s t  cia+,& and obsei+- 

vztions, it is concluieci tha2 the  t e s t  ;as successful i n  met!ting i t s  cbjectives 

as well. as confirning the  nuclear, thernzl, flow, znd nechzr2cal design 

andpis  methods. 

;ion t o  daonstra;;e oechulicil ,  ttercal anc ::e, perfoTance. 

The reactor cperatec a t  sufficier? p i i e r  levels a ~ d  dura- 

?he 1?2-'2 poicer t e s t  has provide:! a somd basis a d  increased ccnfiaence 

for proceeding t o  the nore s t r i rgent  encturmce and t r w s i e n t  t e s t i q  ir, 

p v  .--.-..3. 1 

-7.2 !'odiftcations 3esult ~ E E  from !X-.U 

-ne design a d  operational changes ir. I?Cl-*2 which resulted f r o r  

These changes ircluder: t h e  

.-I. 

experience 26 th  IXX-A1 were a l l  successful. 

increased clearance between the  control drum and outer ref lector  sector for  



I.?ZX-A2 which limited t h e  m a x b ~ a  control d r ~ q  torques t o  low values with 

acceptable peaks of ,spO in/lb at  the in i t ia t ion  of scram. 

Design changes i n  t h e  nozale end spigot of the  outer ref lector  sectors 

eliminated c rac 'hg  L? t h l s  toolponeRt. In addition the  increased clearance 

inst i tuted for NRX-A2 eliminated the preasure vessel interference Kith the 

nozzle e M  supporct ring. 

The flow lag eqerienced i n  NRX-A1 led t o  a f low pro i i le  modification 

for  the power test having acceptable c!~aractsristics during st-artup. 

predicted, flow choking observed at  t h e  orificz!s i n  NRX-A? were not sigriificant 

i n  WJ-A2.  

5.3 Fuel Element Behayfior 

As 

Generally the fue l  behaviox and weight losses observed were as expected, 

based on out of reactor corrosion tests and K I W I  experience. The fuel  manu- 

facturing process and element design therefore were demonstrated as adequate 

for  t h e  conditions of the IU?u(-A2 test. 

The most serious corrosion problem occurred along the fuel element 

flats adjecent t o  the  pyroljkic graphite t i l e  at  the core periphem towards 

t3e hot end of the core. This corrosion was the  resul t  of hydrogen leaking 

i n  throsgh f i l l e r  s t r i p s  and the  large arjal @ps betweer;. the pyre-tiles 

and contacting fuel  at e l e n t e d  tmerature. 

elexzent Ifhers '.JbC coating was p?esmt on peripheral fht8,  corrosion wal 

eliminated or reduced. 

of the NRX-A3 core with NbC. 

In  the single peripheral 

It was decided therefore t o  coat the periphery 

ModiLcation of the pyro-tile instal la t ion 



on the  f i l ler  s t r i p  was a l so  mads t3 eliminate plenirms and recuce hydroger? 

flow beweefi tiles. 

30O0R cooler by b.cre6sed flow of coolant using appropriate or i f ic ing .  

I n  addition t h e  periphery fue l  will be ke,>t approx?matel;r 

The hot end of fue l  elements exhibited corrosion which was a function 

of the qualitj- of t h e  h%C coating present. 

ends d b i t e d  nearkr perfect final conditions. 

i n  t he  unfueled coated t i p  concspt, which will gLve a high qual i ty  coating, 

and provide corrosion resistaxe for the longer reactor tests, such as 

The highest qua l i ty  cmted  hot 

T h i s  enhances t h e  confidence 

NFCX-A3. 

5.4 Power Level and Duration 

Approximately six minutes were spent i n  t h e  range of 50 - 100% of 
des+ power*, 

be t h s t  based on a calculated nozzle chamber temperatvre and reactor enthalpy 

balance using t h e  observed nozzle constants, nozzle chamber pressure and 

flow rate, i n  the  calculations, 

measurement since it is reasonably cer ta in  t h a t  t h e  nozzle chamber thenno- 

couples were not measuring t h e  m4xed mean chamber temperature nor were 

other temperature measurifig devices indicating accurately, a5 explained 

i n  t h e  following section, 

5.5 I n s t E e n t a t i o n  

me nost accurate estimate of power level is  believed t o  

T h i s  methoc is preferred t o  the  direct 

I n  addition t o  not o'jtaining represectative nixed mean nozz1L chamber 

f-perature, anomalies were a l s o  observed fo r  statim 32 core material 

P >-3 
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A. Test Descriution a d  k C k f U O U M i  

1. 

2. 

=?-A2 Teat Frediction Report, WUiLTME487, July, 1964, CRD. 

=-A2 Test Smcification (revised to include Test SDecification 

apiR.occd\u Revieubard and Test Review &ant nrodifications) , 
w-TMR-153 wj 1966, CRD. 

3. 

b. NFtX- f i  le*+ Findl Remrt, WANL-T%'R-176, Septeamber, 1964, CRD, 

-42 Site Test Rem- IR+R-0008, hvearter 20, 1964, 0. 

B. Nuclear, 'slermal. and Fluid Flow 

i. m-A2 Reactor FkrforrPanceAUK5-~-1W, FebFuary, 1565, 0. 

C. ntchaiaicd Design 

1. 1;. DWKLS, P. Stancampbno, P. C. Warner, --A2 Fbst-Ebrtem 

Anal373i3, k'ANGT9lF1075, Jmaary, 1965, CRD. 

D. Instmurentation. Coritrol. a r ~  Da ta F'rocessing 

I, 'nstrmentation Revied Meetinn Minutes (of meeting held at 

SBP3, Ck~eland l2/1-u&) IC-3737, Jan~ary  26, 1965, CRD. 

f -  t 2. ?. c --s~el. -%:-A2 Twelve-Week Data Proceesing Remrt, 



3. G. E. Chambers, WtX-2 InstMantation Fina l  Disassemb 

- Post a e r a t i v e  R a o r t " ,  HANL-'TrE-lC79, January 1965. 

Ly and 

4. G. E. Chambers, 9lRX-A2 Sensor Selection and Perfowance'', .~ATJ,-TI€- 

I l l? ,  Ikch 1965. 

E . Post-Operatire Evaluation 

1. J. Karbousld, hX.l-42 Post- ztfre K a c a l  C w n e n t  Evaluation, 

kML-TWGlO?l,  Febmary, 1965, 0. 

l!! A ,  Qogei, C. R. Sirons ,  KRX-A2 Fuel XLclsant Evaluaticm Report, 

M K L - T M E - ~  February, 1965, 0. 

G. #. b-rs, W-A2 instmmentatian Disassmblg and Fost-Operative 

2. 

3. 

R - h ,  ';[rlANL-THE-lC'E, J- 8, 1965, CRD- 

4. 

AGC R e m j r t s  (In Fkqsra tion 1 
1. 

2. 

3. 

N3X-U Post-Test R e p o r t ,  h"reR-c(?18, February 5 ,  1%>, CLn 

v. 

An Analys is of Svstem Data frar NFtX-AZ, RNS-MOB, April, 1965. 

L?strumentation Evaluation. -42 Test, RHS-0193, April, 1%Sc 

-9eri.m Evaluation of S/N 009 Nozzle, NFtX42 Test Sumam of J3uzi.r 

RN-TM-Cl72, April, 1965. 

Evaluation of the NRX-A2 Pressure Vessel and r-opellant Inlet 4. 

L A ,  RK-T&C171, April, 1965. 
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TABLE 6.2.1 (Cont) 

L i s t  of channels fei led during EP tests. 
those L z t s i  in C h a r t  A and were +red or corrected prior 50 the start 
of the naxt EP test. 
Acquisit ion. 

These channels are in addition to 

The mode of fail1.m for these channels was Data 

E€ -I -- 
M 775 
M 801 
P 693 
T 313 
T 317 
T 333 
T 382 
T 537 
T 850 
T 851 
T 353 
T 857 
T 859 

EP-XI1 

415 None P 693 None 
T &2 n422 
T 750 l! -;83 
T 784 T 315 
T 791 T 339 

i? 336 
T 5r17 
f '  6 3  

ch& t c -- 
List of chmels  EO*,& in Data Mscrepancy Report ham3 valid data for 
each Ep test. 

EP-V - EP-m - EP-I - EP-I1 m-I11 

T 609 None None P 315* Sone 
T 613 P 423* 
T 882 P 601 
T 883 P 614" 

T 613 
T 616 
T 784 

- 

9These channels were scaled for EP-111 and the data was as expected f >r 
EP-IV. 
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